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Abstract

An equivalent linearization technique has been incorporated into MSC/NASTRAN to
predict the nonlinear random response of structures by means of Direct Matrix Abstract
Programming (DMAP) modifications and inclusion of the nonlinear differential stiffness
module inside the iteration loop.  An iterative process was used to determine the rms
displacements. Numerical results obtained for validation on simple plates and beams are
in good agreement with existing solutions in both the linear and linearized regions. The
versatility of the implementation will enable the analyst to determine the nonlinear random
responses for complex structures under combined loads. The thermo-acoustic response of
a hexagonal thermal protection system panel is used to highlight some of the features of
the program.
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Section 1 Introduction

The current trends in advanced vehicle development show a need for lighter, more
economical structural components.  This trend, coupled with the increasing propulsion
and environmental loads associated with these vehicles, has renewed interest in nonlincar
structural response. This is most evident in, but not necessarily limited to, the aerospace
industry with such proposed vehicles as the National Aero-Space Plane (NASP) and the
High Speed Civil Transport (HSCT). Surface panels, particularly those exposed to the engine
" noise and jet exhaust and those in the region of shock boundary layer interactions, are
anticipated to respond nonlinearily in at least part of the flight regime. Figure 1 depicts the
thermo-acoustic loads on a single-stage-to-orbit vehicle. Other intense random loads may be
transmitted through the structure from engine mounts or other hard points. To effectively
and economically evaluate these structural components, a practical method of predicting their
large deflection random response is required.

There are several methods currently in use to predict the large deflection random response
of structures. A perturbation method [1] based on classical perturbation theory for nonlinear
deterministic motion can be used to obtain approximate solutions to weakly nonlinear systems.
A stochastic averaging method [2] yields approximate solutions when the damping is light
and the excitation is broadband. This method has been applied principally to single-degree-
of-freedom systems. The Fokker-Plank-Kolmogorov (FPK) approach [3] is the only method
that yields an exact solution, but solutions are only available for a few restricted classes of
problems. The numerical simulation technique, also referred to as the Monte Carlo method
[4], is the most general method and yields the best results of all the approximate methods. A
substantial drawback to the Monte Carlo method is the computational time required to solve
realistic structural problems. The most widely used method is the equivalent linearization
method [5]. Tt yields good approximate solutions for the statistics of the random response of
simple and complex structures and lends itself to an incremental solution procedure similar
to the methods employed in static nonlinear problems.

The equivalent linearization method for obtaining nonlinear random responses was an
obvious choice for implementation in a commercial package. The technique has been used,
refined, and validated by many authors [6—10]. The validation of the method is well
documented by many authors for beams, plates, and other nonlinear dynamic structures.
The refinements include methods for solving structural problems with thermal and acoustic
loads, initial stresses, and imperfections. Techniques have been developed, for example, for
the random response of pre- and post-thermally and mechanically buckled plates, linear and
nonlinear statically deflected panels, and various combinations of concentrated and distributed
random loads. The equivalent linearization procedure has been applied primarily in research
or special purpose codes, so a general purpose finite element code incorporating this procedure
was unavailable.

The MacNeal-Schwendler Corporation version of NASTRAN (MSC/NASTRAN) [11]
was selected for this work due to its extensive use in the aerospace and automotive indus-
tries, where nonlinear random phenomena are most prevalent. The equivalent linearization



procedure was programmed as a "stand alone” solution sequence for version 67 using the Di-
rect Matrix Abstraction Program (DMAP) [12] language. It was found that all the necessary
components of the equivalent linearization procedure already existed as DMAP modules.
The essence of the new solution sequence therefore consisted of incorporating the necessary
modules and iterative procedures into an existing MSC/NASTRAN solution sequence for
linear random analysis. Two solution sequences were available to serve as starting points:
the Super Element Modal Frequency Response (SEMFREQ) and Super Element Direct Fre-
quency Response (SEDFREQ) solution sequences. The SEMFREQ was chosen for reasons
described in this report.

. The large deflection finite element formulation is first reviewed to establish the general
nonlinear equations of motion. The theory of equivalent linearization is then presented and
the expression for the equivalent linear stiffness is derived. An overview of the iterative
implementation of the equivalent linearization procedure is presented in flow chart form with
consideration to the various methods of solving dynamic systems. The ease with which the
expression for the equivalent linear stiffness is evaluated in multi-degree-of-freedom systems
is somewhat dependent on the method used to form and solve the equations of motion.
The evaluation of the equivalent linear stiffness and the particulars of programming the
new solution sequence are presented for broad-band Gaussian loads and modal equations
of motion. In the validation section of this report, textbook examples are used to compare
the MSC/NASTRAN equivalent linearization solution sequence with published results. A
series of simple plate problems are presented to show potential users how to use the solution
sequences to solve a variety of problems. A final example problem is shown to demonstrate
the ability of the solution sequence to efficiently solve complex structural problems.

Figure 1: Design environment for a generic hypersonic vehicle



Section 2 Theory

The large deflection nonlinear finite element formulation is first reviewed for the determi-
nation of the system matrices. The equivalent linearization technique is then introduced for
the solution of the nonlinear equations of motion. Several special cases are then considered
for the determination of the equivalent linear stiffnesses.

.2.1 Large Deflection Finite Element Formulation

The large deflection nonlinear strain-displacement relationships as taken from clasticity
[13] are:
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where u, v, and w are the three displacements, ¢y, ¢y, and ¢, are the normal strains, and Txys
Yxz» and <y, are the shear strains. All are functions of x, y, and z.

For an arbitrary finite element, assume nondimensional shape functions, Ny, such that
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where {u; uz -+ up}, {v; v2 -+ v,}, and {wi wy -+ wy} are the vectors of nodal

displacements for the n nodes of the element.
The matrix form of equation (1) is [14]
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The subscripts L and N denote the linear and nonlinear part of the total strain, respectively,
and superscript T denotes transpose of a quantity.
The variation of the strain, {c}, is expressed as
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The matrix [I] in equations (10) and (11) is a (3x3) identity matrix and the vector {q} is
the vector of nodal displacements. Note that the shape function and displacement vector are
dependent on the particular element chosen.

The internal force is computed from the equation of static equilibrium,

F= /[B]T{a}(lv (12)
Y
and the variation of the intermal force is
6F = / B) {85} dV + / (6B {o} AV (13)
v \Y

Substituting equation (5) and the stress-strain relation,
{60} = [D]{se} (14)
into equation (13) and using the identity,

{6B} {0} = [G]"[6H]) {0}

=[G [7]{40) (15)
=[G [7](G]{8q)
yields a simple expression for the variation of internal force.
6F = [k +ki{a} + k2{aHa) "] {da) (16)
The quantities k, k1{q}, and k2{q}{q)}" in equation (16) are given as
K= [ (BTDIL] 4V + iy (7)
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In equations (17 — 19), [D] is the material property matrix, (k] is the linear stiffness matrix,
k1 and k2 are the nonlinear stiffnesses, and [kg] is the geometric stiffness (which depends
on the initial stresses).

The element internal force vector {1} is defined as

) = [+ k) + [k2tad{a)™] ) @)

and the system internal force {I') is

(1) = [[K]+ [K1{QY + [K2(Q1@)T] 40} (23)

The system mass and damping matrices are obtained using the standard finite element
formulation [15].
The equation of motion based on the nonlinear strain-displacement relations is

MI{Q) +(CHQ) + K]+ (K1{QN) + [K2AQHQT] (@1 =P} 29)

or, in more general form, as

M{a} +1e{Q} +{r(Q Q%a")} = () (25)

where the matrices [M], [C], and [K] are the system lincar mass, damping, and stiffness
matrices. The vector {P} is the time dependent load and K1 and K2 are the system first-
and second-order nonlinear stiffnesses.

Equation (25) has no general solution when the excitation is random. An approximate
solution to these equations is obtained by seeking an equivalent linear system [6], of the form

MI{Q} + [CH{Q} + [KJ{Q} = {P) (26)

where [K.] is an equivalent linear stiffness matrix.



2.2 Equivalent Linear Stiffness Matrix [K,]

The equivalent linear stiffness matrix [Kc] is to be determined such that the difference
between the actual nonlinear system and the approximate linear system is minimized. The
approach may be thought of as a statistical version of a classical least square minimization.
The error in obtaining the approximate system is defined as

{A} ={T} - [K{Q} 27)

Since the error is a random function of time, the required condition is that the ensemble
" average or expectation of the mean square error be a minimum. This is expressed as

E [{A} {A}TJ — minimuin (28)

where E[-] denotes the expectation operator. As in the cases of classical least square
minimization, the necessary condition for satisfying equation (28) is

IE[{AHA)]
I[K]

=0 (29)

Substituting equation (27) into equation (29), and interchanging the expectation and ditter-
entiation operators yields

E{(rHQY"] = B[{QHQ)"|m." (30)

Using the fact that the matrix E[{Q}{Q}"] is non-singular, the equivalent linear stiffness
matrix [K.] can be determined from the equation

K= B[] E[r) Q)] a1

The equivalent linear stiffness [Ke] defined in equation (31) can be directly programmed in
a finite element code if the stiffnesses K1 and K2 are available and the expectation operator
can be evaluated.

Two assumptions regarding the distribution and dependance of the displacements are
necessary in order to evaluate equation (31). The most commonly assumed distribution of the
displacements is a Gaussian distribution, since the most commonly encountered random loads
are typically modelled by Gaussian distributions. The most commonly assumed dependence
between displacement responses is that they are independent. This is simply because, in a
linear modal analysis, the modal responses are solved for independently; their modes are
uncoupled. These assumptions are not the only possible assumptions; other assumptions can
easily be substituted, but would yield more complicated results.

It is generally assumed that the response is Gaussian if the load is Gaussian. By using
the formula for the expected value of a Gaussian vector {7}

E[f(n) o] = E{n "IT} E{V {(n)} (32)



where V is the gradient operator, E[{T'}{Q}T] on the right hand side of equation (31)
becomes
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where [K.] is an equivalent linear function of the displacement vector {Q}, which is one
order less than the nonlinear system stiffness matrix {r}.

The nonlinear stiffnesses are generally formed in tangential or differential form and
the expectation operator in equation (35) requires knowledge of the joint probability density
function of the response vector, which is the unknown. Therefore, the equivalent linearization
solution procedure is programmed in an iterative fashion and some additional assumptions
regarding the expectations of the response vector are required. It should be noted that, if K1
and K2 are available, the mean square response can be obtained directly [7] with appropriate
assumptions for the expectation operator.

In all instances cited above, assumptions regarding the expectations of the response
vector are required. These assumptions are usually based on a knowledge of the excitation
and the solution method used. A discussion of the general iterative equivalent linear solution
procedures is next presented.

2.3 Iterative Equivalent Linearization Solution Methods

There are two basic means to solve linear dynamic equations of motion: one uses the
physical degrees of freedom and the other uses the modal degrees of freedom. The first
method is generally referred to as the direct frequency response method and requires solving
a complex coupled system of equations in the nodal degrees of freedom at each frequency
of interest. The second method is generally referred to as the modal frequency response
method. It involves solving for the linear eigenvectors first and transforming the equations
of motion into modal coordinates. The resulting system of equations is uncoupled and can
be easily solved at each frequency of interest.

The primary consideration as to which method to use for a particular linear system
is based on the computational time required. This decision in an equivalent linearization
solution procedure is further complicated by the iterative nature of the problem and the
evaluation of the expectations. The choice of method can either greatly simplify or complicate
the process.



The direct method would seem to be the easiest and most straightforward to implement,
and the computational time required would be simple to compute. The difficulty in the direct
method arises in the assumptions regarding the expectation operator in the expression for the
equivalent linear stiffness and the implementation of these assumptions in a general sense.
Accurate approximations of the expectation operator require assumptions regarding the full
set of four moments (mean, standard deviation, skewness, and kurtosis) of the response vector
in nodal degrees of freedom. It should be noted that in physical coordinates, the correlations
between all the degrees of freedom are necessary and must be determined.

As a simple example of the direct method, consider a beam of length L with ten nodes
and three degrees of freedom, u, w, and 6, at each node. The evaluation of equation (31) for
the equivalent linear stitfness requires the evaluation of the complete set of expectations of
all the nodal degrees of freedom to the fourth moments. The equivalent linearization solution
relies on determining expressions for the third and fourth moments in terms of the first and
second moments. These may be obtained by assuming appropriate probability distributions
for the nodal displacements. In the beam example, if the excitation is broadband, Gaussian
distributed, and spatially correlated over the beam, it can be assumed that the responses w
and ¢ are Gaussian and u is Chi-square distributed. From these assumptions, an expression
for the equivalent linear stiffness in terms of the first and second moments of the response
can be found. However each entry in the 30 x 30 equivalent lincar stiffness matrix could
have a ditterent coefficient representative of the degrees of freedom, correlation coefficients
between the degrees of freedom, and the order of the expectations involved. The complexity
in using physical degrees of freedom can be deduced from this simple problem when it is
noted that it is terms such as the square of the slope and the in-plane displacement that
are strongly correlated. This entire process is programmable, but it is not easily done in a
general sense. The selection of modal coordinates will be seen to make the evaluation of
equation (31) simpler.

The modal solution method of the equivalent linearization procedure is simpler to
implement than the direct method because reasonable assumptions regarding the correlation
of the modal degrees-of-freedom as well as their joint distribution are possible. This is
not to say that the modal approach is without deficiencies or difficulties. To illustrate the
advantages and difficulties with the iterative modal solution procedure, the simple beam
problem discussed in the direct method is used. The first difficulty arises immediately from
the linear eigenvalue problem. The extracted eigenvectors are functions of either the out-of-
plane nodal displacement (bending modes) or the in-plane nodal displacement (membrane
modes), but not both. This is because the bending motion of the beam is coupled to the
membrane motion through the nonlinear terms.

There are three ways to handle the decoupling of the membrane and bending motion
induced by the use of the lincar eigenvectors. The first way is to simply exclude the
membrane modes from the modal response. This is easy, but not particularly accurate.
A popular corollary to this solution is used for one- and two-dimensional structures [7]). This
procedure assumes the in-plane inertia and damping to be negligible. It is then possible
to solve for the membrane modes in terms of the bending modes and thus account for the



in-plane stiffness. This procedure is efficient, but highly specialized and difficult to include
in a general finite element code.

The second method involves selecting particular bending modes and membrane modes
to include in the formulation. The difficultics that arise from this solution are similar to those
encountered in the direct method when trying to evaluate the expectations and solving the
system of equations. In the beam problem, it is again assumed that the bending is Gaussian
- and the membrane is Chi-square distributed when the excitation is Gaussian. The bending
modes can be assumed uncorrelated with respect to each other, as can be the membrane
modes, but the membrane modes are strongly correlated to the square of the bending modes.
The resulting system of equations is coupled and the expression for the equivalent linear
stiffness matrix is only marginally simplified with respect to the direct method. Another
difficulty with the linear modal solution procedure is that the type of modes, bending,
membrane, or otherwise, are not always readily identifiable or available. Many current finite
element programs use Lanczos-type eigenvalue solvers in which only the lowest modes or
modes within a certain range are computed. It is difficult to construct a general program
using this method that will extract the particular eigenvectors needed for an accurate solution.

The third modal solution method for the equivalent linearization procedure uses updated
or “equivalent linear” modes. The obvious drawback to this method is that it requires the
eigenvalue problem to be solved at each iteration. The advantages of this method are that
the system of equations that are solved at each frequency are uncoupled and that simple
assumptions regarding the moments and correlation of the modal responses are adequate for
accurate solutions. The simple beam problem discussed in the previous solution methods
could be solved with only a small number of updated modes. If the load were Gaussian,
these modes could be assumed Gaussian-distributed and uncorrelated. Although the means of
the equivalent linear modal amplitudes are also assumed to be zero, this does not require that
all the nodal displacements comprising the mode shape have zero means. The relationship
between the mean of the in-plane displacement, u, and the mean square of the slopes, @, in
the simple beam problem, is implicitly maintained in the equivalent linear modal approach.

The relationship between the steps involved in the direct, linear modal, and equivalent
linear modal approaches to implementing the equivalent linearization solution procedure are
outlined in the flowchart in figure 2 for a general finite element program. The solution
procedure is iterative as previously discussed, since the nonlinear stiffness is only available
in a differential form. The convergence of the iterative procedure is based on the Euclidian
norm of the response variance vector. It was determined that the equivalent linear modal
method of solving the iterative equivalent linearization procedure would be the simplest and
most versatile of the three methods to implement in MSC/NASTRAN.

10
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Figure 2: Flowchart for equivalent linearization solution procedure

2.4 Implementation

The equivalent linear stiffness matrix in equation (31) must first be expressed in equiv-
alent linear modal coordinates in order to evaluate the expectation operator. The stiffness
vector {T(Q, Q?%, Q%) in equivalent linear modal coordinates has the form {T(A, AY)},
where the bar indicates a quantity transformed in modal coordinates. The expression for the
equivalent linear stiftness, equation (35), with the Gaussian, zero mean, and uncorrelated
modal response assumptions reduces to

9{T)

(36)

The partial derivatives are easily performed and yield a linear modal stiffness matrix and
a differential modal stiffness matrix that is based on the mean square of the modal response
[5]. The modal representation of the equivalent linear stiffness is then

K] = [R] +3[R2(E[A2)] )

1§



This model expression is not directly programmable in MSC/NASTRAN. It must instead be
expressed in physical coordinates, since the eigenvalue problem in MSC/NASTRAN is solved
in physical coordinates. In addition, the differential stiffness matrix in MSC/NASTRAN
is formed using the physical displacements. The linear stiffness matrix in equation (35)
in physical coordinates is simply the lincar stiffness matrix as assembled and computed
in the MSC/NASTRAN program. The differential stiffness matrix expression in physical
coordinate is the MSC/NASTRAN differential stiffness matrix formed using an equivalent
linear displacement vector. This equivalent linear displacement vector is given by

{Q} = [9]{oa} + [®]{n0) (38)

where {oa} is a vector of the standard deviations of the equivalent linear modal amplitudes
and [®] is the matrix of normalized eigenvectors. The standard deviation of the modal
amplitudes is always positive. The sign convention of the physical displacement is determined
by the eigenvectors. The vector {s,} is the mean displacement obtained from a static
solution sequence. The matrix of eigenvectors is normalized such that the magnitude of each
eigenvector in the matrix is unity. The final expression for the equivalent linear stiffness
is then

(K] = [K] + 3[Kg] (39)

where [KR] is the standard MSC/NASTRAN differential stiffness matrix.

12



Section 3 Programmer’s Notes

The MSC/NASTRAN version 67 solution sequences are written using a common set
of “subroutines” or SUBDMAPs. It is the MAIN SUBDMAPs, “main programs,” that
vary significantly and usually contain the essence of the solution procedure. The authors
attempted to follow this structure in the development of the new Super Element Modal
Equivalent Linear Random Response (SEMELRR) solution sequence, but some alterations
to the common SUBDMAPs were also necessary. These alterations to the SUBDMAPs, as
- well as a description of the MAIN SUBDMAP of the SEMELRR solution sequence, are
outlined.

All solution sequences are broken down into three general sections. These sections are
simply expressed as Phase 1, Phase 2, and Phase 3. The Phase 1 portion of the program is
dedicated primarily to the setting-up of the problem and the assembly of the linear matrices.
Key portions of these procedures are the reading of the NASTRAN data deck, the restart
capability, the creation of the element summary tables, the partitioning of the global degrees
of freedom into the various analysis set tables (USET, etc.), and the formation and assembly
of the linear elements and their reduction to the analysis set. The Phase 2 procedures are
primarily associated with the actual solution of the problem. These solution procedures
are, for example, the eigenvalue and eigenvector extraction routine of SOL 103, the linear
matrix equation solvers in SOL 101, and the modal matrix formation and complex frequency
response solver routines in SOL 111. SOL 106, the nonlinear static solution sequence, has
a complicated Phase 2. This Phase 2 involves an iterative solution procedure similar to the

~solution sequence that was written into the Phase 2 of the SEMELRR solution sequence.

Phase 3 procedures are primarily associated with post-processing routines such as data
recovery, plotting and printing, and stress/strain calculations. Phase 3 also includes the
dynamic sensitivity analysis. The calculation of power spectral densities and root mean
square responses for random analysis using SOL 111 and SOL 108 are also included in
Phase 3 procedures. The scattered placement of these procedures caused difficulty in the
implementation of the equivalent linearization solution procedure.

3.1 SEMELRR Main SUBDMAP

As a starting point from which to write the SEMELRR DMAP, the authors selected the
MSC/NASTRAN-delivered SOL 111 main SUBDMAP. This solution sequence is capable
of performing linear random analysis. The primary additions to this solution sequence were
envisioned to be the incorporation of Phase 2 procedures, similar to those found in SOL 106,
for the formation of the nonlinear stiffness matrices and the iterative solution method. It was
immediately apparent that the logical flow of the set of MSC/NASTRAN SUBDMAPs and
modules did not readily permit simultanecous geometric nonlinearities and dynamics. The
SEMELRR Solution sequence would have to be a hybrid-type solution sequence comprised
of linear and nonlinear Phases. The calculation of the rms quantities, which usually occurs
in Phase 3, and the necessity of having that information available in the iterative procedures
required the new solution sequence to have no clear distinction between Phase 2 and Phase 3.

13
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— PMLUSET — SELG
—— SEKRRS — SEKR —— SEMAI
——SEMRRS
——SEGOA — PMLUSET
——SELR — SEMRM SEMAL1
SEMA2
— SEMA3
—— PMLUSET — SEGOA
— SEGOA — SEMRB —/— SEMA
—— MODEFSRS — MODERS
—SEGOA
— GMA — SELR
— MFREQRS
—— VDRI
— MODACC
— SUPER3 SETQ
PMLUSET
——— SEDISP SEGOA
SEDRCVR
— MODACC
—— SUPER3 SETQ
PMLUSET
SEDISP SEGOA
SEDRCVR
‘“— DYNSEN SEGOA

Figure 3: SUBDMAP call tree of SEMELRR solution sequence
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The logical flow of MSC/NASTRAN solution sequences is partly controlled by parame-
ters and flags that are set in the main SUBDMAP of the solution sequence. These flags are
passed to the standard SUBDMAPs and appear in IF, THEN, ELSE type logical construc-
tion. Typical character parameters are the solution type (SOLTYP= “DIRECT,” “MODAL,”
etc.), solution approach (APP= “STATIC,” “FREQRESP,” “TRANRESP,” etc.), and logical
flags are (NONLNR, AERO, FS§, etc.). The logical flow for a nonlincar dynamic solution
sequence does not exist, but by changing these parameters during the solution procedure the
necessary logical flow can be generated.

‘ The SEMELRR solution sequence requires that linear and nonlinear element tables be
generated in Phase 1 procedures and that linear dynamic data recovery be performed in Phase
3 procedures. In order to generate the necessary matrices and tables for both geometric
nonlinear and linear dynamic procedures, the pre-processing sequence Phase 1 was initiated
with the NONLNR flag set to TRUE in the call to SUPERTI, Figure 3, and the APP (approach)
was set to FREQRESP. The reader is referred to the MSC/NASTRAN user’s manual [11]
for a description of these parameters.

The logical flag NONLNR was set TRUE for Phase 1 only, in the call to SUPER]1, and
not for Phase 2 or 3, because linear data recovery is required in SUPER3. In addition to
this modification, it was required that the element summary table, ESTL, needed for linear
dynamic analysis (not generated when NONLNR is TRUE) be equivalenced to the element
summary table, EST, for the linear portion of nonlincar analysis (generated when NONLNR
is TRUE). This equivalence was programmed as an ALTER to the SEMG SUBDMAP.

The programming of the SEMELRR main SUBDMAP consisted of writing an iterative
procedure around the frequency response solution procedures, the geometric nonlinear matrix
generation procedures, and the data recovery SUBDMAP, SUPER3, which includes the
updated displacement calculations. To implement this iterative procedure, some of the files
needed for the next iteration have to be saved. The module FILE 10 save or overwrite
files was used for this purpose. Phase 3 procedures were included in the iteration loop
because the updated displacements, necessary as input to the differential stiffness modules,
are obtained from SUBDMAP SEDRCVR in Phase 3. SUBDMAP SEDRCVR had to
be substantially rewritten to generate the correct updated displacements for the equivalent
linearization procedure, equation (38). The calculation of the updated displacements will
be discussed in depth in the following subsection. A full listing of the SEMELRR main
SUBDMAP is provided in Appendix A.

The formation of the geometric nonlinear stiffness matrix in Phase 2 follows closely with
the procedure in Nonlinear Transient solution sequence (NLTRAN, SOL 129). The linear
dynamic equations of motion are solved first and the linear rms displacement vector {A}
is obtained. If the parameter LGDISP is greater than —1, the geometric nonlinear stiffness
matrix KDJJ is formed from module EMA on the next iteration by applying this linear
displacement vector. This geometric nonlinear stiffness matrix then reduces to KDLL, [KRr]
in equation (39). (If the parameter LGDISP equals —1, only the linear tfrequency response
is calculated.) The equivalent linear stiffness matrix [K.] now consists of two matrices: the
linear stiffness [K] and the difterential stiffness matrix [Kg]. The frequency response is then
obtained using both geometric nonlinear and linear dynamic matrices.
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This iteration method can be used to determine the rms displacements; however, it
is slow to converge. An improved method for speeding up the convergence is to use an
underrelaxation approach where displacements are not updated to their tull values, but instead
to the scale of the full values after each iteration. This method can be expressed as

mcnrrent = (1 - ﬁ){Q}previons + ﬂ{Q}curren& (4())

A user-defined convergence enhancement parameter, 4 (BETA in DMAP programming), is
introduced to scale the updated displacements. If the nonlinearity is mild to moderate, the
* convergence of the iteration procedure is faster for 0.5 < BETA < 1.0. If the nonlinearity
is severe, the convergence of the iteration procedure is faster for 0.0 < BETA < 0.5. The
parameter BETA is set by the user in the Bulk Data Deck.

Two user-defined parameters were introduced to control the termination of the iterative
loop. The user-defined parameter MAXITER defines the maximum allowable number of
iterations and the user-defined parameter MAXNORM sets the convergence criteria, 1.e.

= error < MAXNORM 41)

If the iteration count exceeds MAXITER or if the error norm, equation (41), is less than
MAXNORM, the solution sequence will terminate normally. There is a warning message if
the solution is not converged after the MAXITER iterations. There are two ways to handle
convergence errors; the first is by increasing the number of allowable iterations, MAXITER,
and the second is by choosing a different convergence enhancement parameter BETA, which
is less than the previous BETA. A summary of the user-defined parameters and detaults 1s
given in Appendix B.

3.2 Updated Displacement Calculation

The updated displacement vector is formed by multiplying the maximum rms displace-
ment by the updated mode shapes. In order to do so, one deflection point number has
to be obtained first by asking for XYPRINT (or XYPLOT) in the Control Deck of the
MSC/NASTRAN data cards. In the SUBDMAP SEDRCVR, individual modes of the actual
displacement vector are extracted. For each mode, the modal rms responses are calculated
from module RANDOM. Each mode is normalized to unity for the largest component of the
eigenvector. The actual rms response of cach mode is then obtained by multiplying the rms
response by the normalized eigenvector. The updated response of the structure can be calcu-
lated by using superposition of the modes and storing the updated rms displacement vector.
This procedure entails the assumption that the modes and modal responses are independent.
The modified SUBDMAP SEDRCVR is in Appendix C.

Although some minor modifications on SUBDMAP SUPER3 are made, no functional
procedure was carried out. The modification passes parameters needed for communication
between the main SUBDMAP and the SEDRCVR SUBDMAP. The modified SUBDMAP
SUPERS3 is included in Appendix D.
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3.3 Output Requests

One new feature from the output request is for plotting the overall rms displacement
output. In module RANDOM, only the rms values for a single degree of freedom are
calculated. The actual overall rms displacement is formed by the updated mode shape
at each iteration. Therefore, at the converged stage, the overall rms displacement can be
extracted by using a DISP=ALL card in the Control Deck.

There is no rms strain response obtained from frequency random analysis of SOL 111.
It rms element strain is required, the user-defined parameter RMSTRAIN has to be set to

- 1. For this case, the STRAIN=ALL card is needed in the Control Deck and the strains will
be calculated.
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Section 4 Validation of The SEMELRR Solution Sequence

The linearized random vibration capability developed for use with MSC/NASTRAN
is validated by solving four problems and comparing the results with known solutions.
The frequency response of free vibration and rms displacement response of forced random
vibrations of a plate and a beam are considered. The results show that reasonable accuracy
is achieved.

"Problem 1: Random response of beams

The rms displacements of a 12-in x 2-in x 0.064—in aluminum beam with either
end clamped or simply supported and subjected to uniformly distributed random loads is
investigated. To demonstrate the accuracy of the SEMELRR results, approximate rms
maximum deflections were obtained by using a separate Equivalent Linearization (EL)
analysis [16] and finite element (FE) solution [7]. Results are shown in Figure 4. Since
all three results (EL, FE, and SEMELRR) based on small deflection linear theory lie directly
on top of one another, it is shown as one straight dotted and dashed line. The EL and FE
results are identical for the linearized case, so one curve is plotted for these two methods. For
acoustic excitations less than 90 dB for a simply supported case and 110 dB for a clamped
case, the small deflection assumption yields good results. At high SSL, however, the small
deflection theory overestimates the rms deflection, while it underestimates the frequency of
vibration. It is clearly demonstrated that the SEMELRR results give reasonable predictions
as compared to the EL and FE solutions in both linear and lincarized cases.
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" Simply Supported Beam .4
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£ 100F - ;
- "
] L
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[}
%] -
=
a. 5
2
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m -
SEMELRR 3
_____ FE[?7] and EL{16] ]
——————— linear 4
oot vy s, Low os vy Ly, L
90 100 110 120 130

Sound Spectrum Level (dB)

Figure 4: Effect of acoustic excitation level on maximum deflection for beams.

18



Problem 2: Random response of a clamped plate

The comparison is made for rms displacements as a function of SSL of an aluminum
plate [7]. For acoustic excitations less than 100 dB, the small dellection assumption yields
good results as shown in Figure 5. Above 100 dB, the large deflection formulation must
be used. At the 130—dB level, the results between the SEMELRR and Locke’s analysis [7]
show a 6-percent difference. The discrepancy is attributable to the approximation of the
nonlinear stiffness matrix in equation (39) and the assumption of curvatures and midsurface
strains in the von Karman sense in Locke’s formulation.
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r /]
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: //./ :
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£ o y 3
(3] - // B
o F 5 3
@ _F 4 3
5 0.20F y 3
< - V4 3
o s 3
x : ¥ ]
: 3
010 3
0.00E& 3
90 100 110 120 130

Sound Spectrum Level (dB)

Figure 5: Effect on acoustic excitation level on maximum deflection tor clamped plate.

Problem 3: Free vibration of rectangular plate

The free vibration of a 15-in x 12-in x 0.04-in aluminum rectangular plate reported in
Chiang’s paper [17] is used. The variation in SEMELRR free vibration results of a plate with
all edges clamped for the frequency ratio w/w, at different amplitudes is shown in Figure 6.
wo 1s the fundamental frequency of the clamped plate. There is a maximum of 10-percent
difference between the SEMELRR and Chiang’s results. The frequency ratio for Chiang’s
results are lower. The differences are caused by two factors. First, Chiang’s formulation used
von Karman strain-displacement relations, which use thin plate assumptions, and therefore do
not have all the terms in equation (1). The second is due to the approximation in equation (39).
Because of this approximation, in which the first-order stiffness matrix in the SEMELRR is
calculated one more time than the equivalent linearization approach, the linearized frequency
is expected to be higher. These results show the SEMELRR procedure gives reasonable
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predictions in comparison to finite element [17, 7] and cquivalent lincarization [16] solutions
Figures, 4, 5, and 6.
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Figure 6: Amplitude versus frequency ratio for clamped plate.
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Section 5 Example Problems

This section is intended to provide a series of simple analyses that demonstrate the
capabilities and use of the equivalent linearization solution procedure as implemented in
MSC/NASTRAN. The types of analyses used in this section were selected from a review of
previously publisher papers [7, 16]. For simplicity these analyses share a common structural
configuration, that of a simple rectangular panel. The thermo-acoustic response of a large
hexagonal thermal acoustic protection panel is also presented to further demonstrate some
- of the features of the program. The format of this section follows closely that of the
MSC/NASTRAN demonstration problems manual [18]. It is assumed in this section that
the reader has a basic understanding of the basic NASTRAN CARDS and DECKS.

5.1 Problem Execution

The equivalent linearization solution sequence was written by incorporating portions
of the NLSTATIC (SOL 106) solution sequence into the SEMFREQ (SOL 111) solution
sequence. It is assumed in this manual that the reader has a basic understanding of the
application, options, and limitations of both of those analyses.

MSC/NASTRAN performs random response analysis as post-processing to the frequency
response. The Equivalent Linearization solution sequence is performed by including this post-
processing in the iteration loop because the rms displacements, which are necessary as input
to the differential stiffness modules, are obtained in Phase 3 procedure.

The SEMELRR solution sequence is not included in the MSC/NASTRAN-delivered
data base, but is available as a separate DMAP program. The program must be read into
the Executive Deck of the NASTRAN data file, and the individual SUBDMAPs and main
SUBDMAP must be compiled and linked as part of each execution. The solution sequence
can also be incorporated into the NASTRAN data base of solution sequences by creating a
permanent USER.OBJ and USER.EXE as discussed in Chapter 7 of the “DMAP and DATA
BASE APPLICATIONS” seminar notes [19]. The necessary commands to include, compile,
link, and execute the solution sequence are provided in the example problems.

Model Description

The basic Bulk Data cards for the rectangular panel will be included in each example but
will appear only here. The demonstration Bulk Data Deck includes the CQUAD4, GRID,
SPC1, PSHELL, MAT2, and MATS cards. The rectangular aluminum plate is 12-in x 15-in
x 0.04-in and is modeled using 64 QUAD4 clements with inplane and bending material
property entries on the element PSHELL cards. The boundaries are assumed completely
clamped. The zero displacements and rotations are enforced using SPC1 cards.
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S 2.0, ... ... 5....... 6..... .. T, 8oL, Govo 10.....
$

CQUAD4 1 74 1 2 11 10 0.0
CQUAD4 2 74 2 3 12 11 0.0
CQUAD4 3 74 3 4 13 12 0.0
CQUADY (¢ 74 4 S 14 13 0.0
CQUAD4 5 74 5 6 15 14 0.0
CQUAD4 &6 74 6 7 16 15 0.0
CQUAD4 7 74 7 8 17 16 0.0
CQUAD4 8 74 8 9 18 17 0.0
CcQUAD4 9 74 10 11 20 19 0.0
CQUADE 10 74 11 12 21 20 0.0
CQUAD4 11 74 12 13 22 21 0.0
CQUAD4 12 74 13 14 23 22 0.0
CQUAD4 13 74 1d 15 24 23 0.0
CQUAD4 14 74 15 16 25 24 0.0
CQUAD4 15 74 16 17 26 25 0.0
CQUAD4 16 74 17 18 27 26 0.0
CQUAD4 17 74 19 20 29 28 0.0
CQUAD4 18 74 20 21 30 29 0.0
CQUAD4 19 74 21 22 31 30 0.0
CQUAD4 20 74 22 23 32 31 0.0
CQUAD4 21 74 23 24 33 32 0.0
CQUAD4 22 74 2 25 34 33 a.o
CQUAD4 23 74 25 26 36 34 0.0
CQUAD4 24 74 26 27 16 35 0.0
CQUAD4Z 25 74 28 29 i8 37 0.0
CQUAD4 26 74 29 40 ] 34 0.0
cQuUAD4 27 74 30 31 40 39 0.0
CQUAD4 28 74 31 12 41 40 0.q
CQUAD4 29 74 32 43 42 41 u.0
CQUAD4 30 74 33 34 43 42 0.0
CQUAD4 31 74 34 35 44 43 0.0
CQUAD4 32 74 35 36 45 44 0.0
CQUAD4 33 74 37 a8 47 44 0.0
CQUADY 34 74 38 39 44 47 a.c
CQUAD4 35 74 39 40 49 48 0.a
CQUAD4 36 74 40 41 50 49 0.0
CQUAD4 37 74 41 2 51 50 0.0
CQUAD4 38 74 42 43 52 51 0.0
CQUAD4 39 74 43 44 53 52 0.0
CQUAD4 40 74 44 45 54 S3 0.0
CQUAD4 41 74 46 47 56 55 0.0
CQUAD4 42 74 47 48 57 56 u.o
CQUAD4 43 74 48 49 S& 57 0.0
CQUAD4 44 74 49 50 59 58 0.0
CQUAD4 45 74 50 51 60 59 0.0
CQUAD4 46 74 51 52 61 60 0.0
CQUAD4 47 74 52 53 62 €1 0.0
CQUAD4 48 74 53 54 63 a2 G.o
CQUAD4 49 74 55 56 65 64 u.0
CQUAD4 S0 74 56 57 66 65 0.0
CQUAD4 51 74 57 58 67 66 0.0
cQuaD4 52 74 58 59 68 67 0.0
CQUAD4 53 74 59 60 69 68 0.0
CQUAD4 54 74 60 61 70 69 g.0
CQUAD4 55 74 61 62 71 70 ¢.0
CQUAD4 56 74 62 63 72 71 0.0
CQUAD4 57 74 64 65 74 73 0.0
CQUAD4 58 74 &5 66 75 74 0.0
CQUAD4 59 74 66 67 76 75 0.0
CQUAD4 60 74 67 68 X 76 0.0
CQUADY 61 74 68 69 78 77 0.0
CQUAD4 62 74 69 70 79 78 a.0
CQUAD4 63 74 70 71 80 79 0.0
CQUAD4 64 74 71 72 81 80 0.0
$

... 2o, 3.0 4....... S.oo.. 6....... Tooioi, 8....... 9oL 10.....
$

GRID 1 0.000 0.0 G.0

GRID 2 1.875 0.0 0.0

GRID 3 3.750 Q.0 0.0

GRID 4 5.625 0.0 0.0

GRID 5 7.500 0.0 0.0

GRID 6 9.375 0.0 0.0

GRID 7 11.25 0.0 0.0

GRID 8 13.125 0.0 0.0

GRID 9 15.000 0.0 0.0

GRID 10 0.000 1.5 0.0
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$

PSHELL * 74 100000UT74 4. 0DUUULUNE-Q2 200000074
* 1.0000000UE+QU L 00000000E+ 00 UL DO00UOLGE+(1G
* ~2.00000000E-02 20000000 0E-N2 0
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Figure 7: Demonstration Bulk Data Deck

5.2 Linear Random Analysis

Problem Description

The random response of the plate subjected to broad-band acoustic excitation is first
demonstrated. The spectral density functions of the selected displacements and element
stresses are computed.

Executive Control Deck

The Executive Control Deck specifies that Structured Solution Sequence 111 (Modal
Frequency Responses) is to be used to analyze the plate response under random loads.

ID PLATE,DEMO §
SOL 1118
TMME 10§

CEND §

Case Control Deck

METHOD Specifies method by which the eigenvalues and eigenvectors will be
extracted.

FREQ Selects the set of frequencies to be solved in frequency response
problems.

RANDOM Random Analysis set selection

LOADSET  Selects a sequence of load sets referenced by dynamic load cards to
be applied to the structural model.

DLOAD Selects the dynamic load to be applied in a frequency response
problem.
SDMAP Selects table, which defines dampings as function of frequency.
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SET | = 41

SET 2 = 1,2,34,5
DISPLACEMENT = |
STRESS(FIBER) = 2

ECHO = PUNCH

TITLE = FLAT PLATE DEMO
SPC = 56

METHOD = 1

FREQ = 20

RANDOM = 59

LOADSET = 100

DLOAD = 301

SDAMP = 400

$ OUTPUT REQUESTS
OUTPUT(XYPLOT)
XYPLOT DISP PSDF/ 41(T3)
XYPLOT STRESS PSDF/ ¥(3)

BEGIN BULK

The rms displacement can only be extracted from the data base PSDF in module
RANDOM. The first card after OQUTPUT of either XYPRINT DISP or XYPLOT DISP
is needed in the Control Deck. If the rms displacement for the first card is zero, the process
will stop and the fatal error message will be given. The output from the SEMELRR solution
sequence is long, since it prints the output information for each iteration.

Bulk Data Deck

LSEQ Defines a sequence of load sets referenced by dynamic load cards to
be applied to the structural model. In this case, it is used to apply a
unit pressure load to the plate since the Dynamic Load Scale Factor
(DAREA) card can only handle the point load.

DLOAD Defines a dynamic loading condition for frequency response.

RLOADI1 Defines a frequency-dependent dynamic load for use in frequency
response problems.

FREQI1 Defines a set of frequencies to be analyzed.

RANDPS Defines load set power spectral density factors for use in random
analysis.

TABRNDI1 Defines power spectral density as a tabular function of frequency for
use in random analysis. Referenced by the RANDPS entry.

TABDMPS  Defines modal damping as a tabular function of frequency.
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EIGRL 1 0.1 16G00.0 B

LSEQ 100 12 400
PLOAD2 400 1. 1 THRU t4
$
DLOAD 101 1.0 1.0 204
RLOADL 204 12 14
TABLEDY 11 ik
+QR 0.0 1.0 3000 .0 1.0 ENDT
$
FREQ1 20 00.1 1.0 1500
$
RANDPS 59 1 1 1.0 64
TABRND1 €3 +TR
+«TR -1.0 G.0 0.0 H.42415-53000.0G H.4215-53000.¢ .0 «TRZ
+TR2 3001.0 0.0 ENDT
$
TABDMP1 400 +DFL
+DP1 0.0 0.01 10000 0,01 ENDT
$
PARAM NCCOMPS -1
$
§ /ey/et/meo/min/mEcnan/mrc/cont /nast €7
1 NASTRKAN SYSTEN PARANETEN ECHO MAKCH oy,
0
NASTRAN SYSTEM{14%) =1 § THIS 18 FON KAW 16
NASTRAN RUFFSI2E=1220% § CHI ACKED FOM THIS
H
1
o
u
4
o
v
v
v
L T T T S
L S T T
‘o ‘o
. MSC/NAYTRAN O
' .
.. VERSTON - 67ku [
. “a
[ JUL 2w, s . .
.o .
. Cray Hesearch Inc. [
.. .
.. HODEL CRAY Y-MF v
« UNICOS w1 "o
. “
. CRAY - YMB .
L T
1 MAHCH 2y
v NASTHRAN EXECUTIVE COUNTKOL DECK ECHG®
Y
1D CHIANG, NASTRAN
s
SoL 111§
COKPILE SUBDMAP:=SEDRCVR SOUIN=MSCSOU NOLIST NOREF 8
ALTER 168,169 §
ENDALTER §
TIME 30 S
CEND §
1 TPS RESULTS ANALYSIS MARCH 2%,
v
1 CASE CONTROL DECEK ECHUO
CARD
COUNT
< 2 41
k) 1.2,3.4.5
4 DISPLACEMENT= 1
bl STRAIN(FIBEK) = 2
4 ECHO=PUNCH $§
7 TITLE = TPS RESULTS ANALYSIS
[ SPC = S
o HETHOD = 1
1 DLOAD =301
11 FREQ = 20
12 RANIKIN = &%
13 SDAMP 3 400
14 LOADSET=100
15 $
16 OUTPUT( XYOUT}
17 XYFLOT DISP PSDF/ 41(T3)
i8 s
19 $ ELEMENT RMS STRESSES OUTPUT
20 $
21 XYPLOT STRESS PSDF/ 3(3)
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22 XYPLUT STHESS BSDF/ 1(5)
23 XYPLOT STRESS PSDF/ 3(7)
24 $
25 BEGIN BULK
0 INPUT BULK DATA CARD COUNT = 202
0 TOTAL COUNT= 182
1 TPS RESULTS ANALYSIS MAKCH 2%, 1993  MSC/NASTRAN Fi2Hsu2 PAGE )
[
[3 SEQUENCE PROCESSOR OUTPUT
OTHERE ARE 841 POINTS DIVIDED INTG 1 GROUP({S) .
o CONNECTION DATA
OELEMENT TYPE NUKBER ASSEMBLY TIME(SEC)
QUAD4 64 v.22
0mm o o el
[
TOTAL MATRIX ASSENBLY TIME FOR 64 ELEMENTS IS V.22 SECONDS
OORIGINAL PERFORMANCE DATA
OSUPER{GROUP) ID NO. GRIDS AV. CONNECTIVITY C-AVERAGE C-RNS C-NAXIMUM P-GROUPS P-AVEKAGE LECOMF TIME(SECS)
16.0 OF/GRID )
[ [} 81 7.72 9.8Y 1016 11 4 v.00 0.037
ORESEQUENCED PERFORMANCE DATA
OSUPER {GROUP) ID NO. GRIDS AV. CONNECTIVITY C-AVERAGE C-RMS C-MAXINMINM F-GROUPS P-AVERAGE DECOMP TIME(SECS} METHOD
(6.0 DOF/GRID )
] ] 4t 7.72 Y.54 11 v V. 0u [URRVR YA ACTIVE
1 TPS RESULTS ANALYSIS HAKCH 29, 19%1  NSC/NASTRAN Frzusue PAGE 4
0
0 OLOAD RESULTANT
0 ™ T2 T R1 K2 R3
[ 1 U.00000VOEsDU U UDVODUUESOU 1. BUUUUUUECUZ  1.UHUDUODDE+UL -1.35D0UVUEeUY U, UUUGUUUEUY
1 TPS RESULTS ANALYSIS MARCH 29, 1943  KSC/NASTHAN Tr2urug TAGE .
o
LANCZOS PARAMETER VERIFICATION
INITIAL PHOBLEM SPECIFICATION
DEGREES OF FREEDOM = 245 MESSAGE LEVEL = 1 LEFT END FOINT - 4 U4HE-uuU)
NUMBER OF NODES = 1 OUTEUT UNIT = © RIGHT END FOINT 1. VOOE+ 2403
MODE FLAG = 1 SIZE OF WORKSFACE = 2292087 CENTER FREQUENCY . UGUUEs LU
PROBLEN TYFPE = 1 MAXINUM BLOCK SIZE = 7 ACCURACY KEQUIKED = 4L GURUE-10
SHIFTING SCALE = 3. 40THE+ 05
AFTER PROBLEM SPECIFICATION CHECKING
NUNMBER OF MUDES = 1 LEFT ENI: POINT = 3. 94BE-U0U1
PROBLEN TYPE = 1 KIGHT END POINT = 1, QUUE+24¢3
SHIFTING SCALE = 3. 4U7HEs V5 CENTER FREQUENCY = V. UUUUE«0U CE TIHE ALLOWED £ 1. TUTUES U
WORKSPACE ALLOCATION
LANC20S BLOCK SIZE = 2 MAX. RITZ VALUES = 200 MAX . TRUST KEGION: = 25
MAX. BLOCK STEPS =z 100 HAX. S 0. VECTUKS = 245
MAX. MODES B 245 WORKSPACE USED = 44158
NUMBER OF USER SUPPLIED VECTUKRS = [
NEW SHIFT = 3. 947HE-u1 MODES STILL NEEDED = 1
QG**¢ USER INPORMATION MESSAGE SuUlu. STURN SEQUENCE DATA FOR EIGENVALUE EXTHACTION.
TRIAL EIGENVALUE : 3.947H#42E-ul, CYCLES = 1.0U0VUUE-01 NUMRER OF EIGENVALUES BELOW THIS VALUE = [
ACCEPTED EIGENVALUES
2.5497E+05
NEW SHIFT = 5.2415E+05 MODES STILL NEEDET! = o
0ess USER INFORMATION MESSAGE 4158---STATISTICS FOR SYMMETHIC DECONFOSITION OF DATA BLOCK SCRATCH FOLLOW
NUMBER OF NEGATIVE TERMS ON FACTUR DIAGONAL = 1
0*te USER INFORMATION MESSAGE 5010, STUKNM SEQUENCE DATA FOR EIGENVALUE EXTHACTTION
TRIAL EIGENVALUE = 5.241507E+0S5, CYCLES = 1 1522%4E+U2 NUMRER OF EIGENVALUES KELOW THIS VALUE = 1
END OF LANC20S RUN
WARNING FLAG - o
RO. OF MODES COMPUTED = 1
COMPUTED NODES
2.54963705025038E+ 05
1 TPS RESULTS ANMALYSIS MARCH 2%, 1993  WSC/NASTRAN TrIw N2 FAGE 7
o
¢
EIGENVALUE ANALYSI1S SUMMARY {LANCZOS ITERATION)
BLOCK SIZ2E USED ............ 2
NUMBER OF DECONPOSITIONS ............. 2
NUNBER OF ROOTS POUND ... ...... .. 1
NUMBER OF SOLVES REQUIRED . 6
TERWINATION MESSAGE : REQUIRED NUMBER OF EIGENVALUES FOUND.
1 TPS RESULTS ARALYSIS MARCH 29, 1441  NMSC/NASTRAN T4 2 PAGE K
0
REAL EIGENVALUDES
MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALI LED
NO. ORDER MASS STIFFNESS
1 1 2.549697E+05 5. U4HS2EL02 B.UDILESIE. Y 1. Q000U0E+0U 2. 54969TE+0S
1 TPS RESULTS ANALYEIS MARCH 29, 1993 MSC/NASTRAN 29792 PAGE 9

27



(]
0++* USER INFORMATION MESSAGE 5222 ,UNCOUPLED SOLUTION ALGORITHN USED.

1 TPS RESULTS ANALYSIS MARCH 29, 1993  NSC/NASTRAN T/24/ 92 PAGE 10

0

1 TPS RESULTS ANALYSIS HARCH 24, 19931  NSC/NASTRAN I3V PAGE 11

0

o XY-0OUTPUT SUMNARY (AUTO OR PSDF)

0 PLOT CURVE FRAME RMS NG POSITIVE XNIN FOR XMAX FOR YMIN FOR X FOR YMAX FUR X FOk»
TYPE TYPE NO. CURVE ID. VALUE CROSSINGS ALL DATA ALL DATA ALL DATA YMIN ALL DATA YMAX

0 PSDF DISP 1 sl 5 b CI9ISBE-01  @.026720E401 1,000E-U1 1.500Ee03 2.967E-10 1.500E+01 2.811E-01 #.010Ee01

0 PSDF EL 5TR 2 io»n ¢.744BETES0I B 026730E+01  1.000E-0)1 1.5GUE+U3 1.516E-02 1.500E¢03 1.283B+U7 &, U10E+U1

1 “ 4 ¢ END OF JOB * + +

Figure 8: Output from linear random analysis

ALTER for Strain

Executive Control Deck

The spectral density of the strains can be obtained by using an ALTER of the modal
frequency response solution sequence (SOL 111). This ALTER is placed in the Executive
Control Deck and the solution sequence is compiled as shown.

D PLATEDEMO §

SoL i11'$

COMPILE SUBDMAP=SEDRCVR SOUIN=MSCSOU NOLIST NOREF §
ALTER 26 §

TYPE PARM.LN.OTAPE2 §

FILE PSDF=OVRWRT §

ALTER 186 §
RANDOM XYCDBDR,DITMPSDL.OUGY2,0PG2,0QG2, OSTR 2.0EF2.CASEDR/
PSDF.AUTO/S,N,NORAND §
ENDALTER §
TIME 10 §
CEND §

Case Control Deck

With the ALTER in the Executive Control Deck to acquire the strains, only one card
needs to be changed. The change is on the STRAIN(FIBER) card. To obtain the strain, use
the XYPLOT STRESS card. Use of the XYPLOT STRAIN card will cause the compiler to
produce a fatal error. The other cards are used in the same order as for the linear random
analysis.

SET 1 =41

SET 2= 1,234,5
DISPLACEMENT = 1
STRAIN(FIBER) = 2

ECHO = PUNCH

TITLE = FLAT PLATE DEMO

SPC = 36
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METHOD = |
FREQ = 20

RANDOM = 59

LOADSET = 100

DLOAD = 30

SDAMP = 400

$ OUTPUT REQUESTS
OUTPUTIXYPLOT)
XYPLOT DISP PSDF/ 41(T3)
XYPLOT STRESS PSDF/ 3(3)

BEGIN BULK

5.3 Nonlinear Random Analysis

Strain and Displacement Spectra

If the XYPRINT is used in the Case Control Deck, the output spectra with frequency
increment can be found in the x.f06 file. The module FREQI in the Bulk Data Deck controls
the starting frequency, frequency interval, and the number of frequency increments.

Problem Description

The nonlinear random response of the plate subjected to broad-band acoustic excitation is
next demonstrated. The spectral density functions of the selected displacements and element
stresses are computed.

Executive Control Deck

The Executive Control Deck specifies that the modified DMAP Modal Frequency Re-
sponses Structured Solution Sequence is to be compiled, linked, and used to analyze the
plate response under random loads.

ACQUIRE NDDL §

D PLATE.DEMO §

COMPILE SEMELRR SOUOUT=USROUT OBJOUT=USROBJ NOLIST NOREF §
INCLUDE SEMELRR.DMAP §

COMPILE SEDRCVR SOUOUT=USROUT OBJOUT=USROBS NOLIST NOREF §
INCLUDE SEDRCVR.DMAP §

COMPILE SUPER3 SOUOUT=USROUT OBJOUT=USROBJ NOLIST NOREF §
INCLUDE SUPER3.DMAP §

COMPILE SUBDMAP=SEMG SOUIN=MSCSOU NOLIST NOKEF §

ALTER 32 §

EQUIVX EST/ESTL/ALWAYS §

ENDALTER §
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SOL SEMELRR §

LINK SEMELRR $

TIME 10 §

CEND §

Case Control Deck

Use the same Case Control Deck as for the linear random analysis.

Bulk Data Deck

Use the same Bulk Data Deck as for the linear random analysis. The following
Parameters are needed in the Bulk Data Deck to proceed with the SEMELRR solution

sequence.

PARAMeters

LGDISP
RMSTRAIN

MAXITER
ABSNORM
BETA

It linearized analysis is performed, set LGDISP=]. (default=—1)

It rms strain is needed and print no output for STRESS=ALL in
control deck, set RMSTRAIN=I.

If rms strain is needed and print output for STRESS=ALL in control
deck, set RMSTRAIN=2.

Maximum number of iterations. (default=5)
Absolute norm for convergence test.

Convergence enhancement factor, ranging from (0.0 to 1.0, but not for
0.0. (detault=0.5)

PARAMRMSTRAIN,1 $ [F RMS STRAIN IS NEEDED, RMSTRAIN=1
PARAMMAXITER,3 § MAX. NUMBER OF ITERATION

PARAM.ABSNORM.2.0E-2 § ABS. NORM FOR CONVERGENCE TEST

PARAM.BETA,0.5 § SCALE FOR BETTER CONVERGENCE, RANGE FROM 0.0 TO 1.0 (BUT NOT 0.0)

PARAM.LGDISP,1 $ FOR LARGE DISPLACEMENT ANALYSIS, LGDISP=1

Problem Output

1 TPS RESULTS ANALYSIS MARCH 29, 1993 NSC/NASTRAN

o
L] CASE CONTROL D ECK ECHO
CARD
COUNT
1 $
DISPLACEMENT =« ALL
ECHU=NONE §
TITLE = TPS RESULTS ANALYSIS
SPC = &6
METHOD = 1
DLOAD 301
FREQ = 20
RANDON = 54

L3R S T PN
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1 SDAWP = 4U0

1 LOADSET=100
12
13 OUTPUT(XYOUT)
14 XYPLOT DISP PSDF/ 41(T3)
15 $
16 BEGIN BULK
0 INPUT BULK DATA CAKD (OUNT = 212
[ TOTAL COUNTs 187
1 TPS RESULTS ANALYSIS MARCH 2%, 1943 NSC/NASTHAN  7/29/92  PAGE o
0
[ SEQUENCE PROCESSUR OUTRUT
OTHERE ARE 81 PCINTS DIVIDED INTG 1 GROUP(S}
¢ CONNECTION DATA
OELENENT TYPE NUKBER ASSEMBLY TIME(SEC)
QUAD4 64 ©.22
D mmm e e e eic oo
0
TOTAL MATRIX ASSENBLY TINE FOR €4 ELENENTS 1S V.22 SECONDS.

OGORIGINAL PERFORNANCE DATA

OSUPER({GROUP) 1D NO. GRIDS AV. CONNECTIVITY C-AVERAGE C-RRS C-MAXINUN P-GROUPS P-AVERAGE DECOMP TIME{SECS)
(6.0 DOF/GRII )

[ 0 81 7.72 N e 10.1% 1 0 V.00 0.037

ORESEQUENCED PERFORMANCE DATA

OSUPER{GROUP) 1D NO. GRIDS AV. CONNECTIVITY C~AVERAGE C-HMS C-MAXINMUN P-GROVPS P-AVERAGE DECOMP TIME({SECSH METROD
(6.0 DOF/GRID §

o ] 81 7.72 v. .54 4.4¢ 11 v 0.uu U036 ACTIVE
1 TPS RESULTS ANALYSIS MARCH 2%, 1991 MSC/NALTRAN Treusue PAGE 7
o

v OLOAD RESULTANT

0 T T2 T2 K k2 k3

o0 1 U UO0OOVOE+UG . UDVOLUCESUL 1. HUUUUULUESUZ 1. UBDLUGLESUL -1, AS00UVUEsUS  U. UUUUUUUEs G0

1 ‘TPS RESULTS ANALYSIS MARCH 24, 1943  NAC/NASTRAN Tr2ufe FAGE o

LANC20S PARAMETER VERIFICATION

INITIAL PROBLEM SPECIFICATI(N

DEGREES OF FREELON = 245 HESSAGE LEVEL = 1 LEFT END POINT = 4. 94BE-guul
NUMBER OF WODES = 1 OUTPUT UNIT = 6 KIGHT END' POINT = 1.00DE+24¢3
NODE FLAG = 1 SIZE OF WORKSPACE 2292687 CENTEK FREQUENCY = V. UQULEs UL
PROBLEH TYPE = 1 MAXINUM RLOCK SIZE 7 ACCURACY HEQUIKED = 3 GH6UE-1
SHIFTING SCALE = 3. GUTBE+ D%
AFTER PROBLEM SPECIFICATION CHECKING
NUMBER OF MODES = 1 LEFT END POINT = 3. %4BE-v0UL
PROBLEM TYPE = 1 RIGHT END POINT = 1.0VUEe2461
SHIFTING SCALE = 3. 40TBECUS CENTER FKEQUENCY = U.UUOOEs Ou CF TIME ALLOWED = 1. 790UE+ s+
WORKSPACE ALLOCATION
LANCZOS KLOCK SIZE = 2 MAX. KITZ VALUES 20u MAX. TRUST REGIONS = rad
MAX. BLICK STEPS = 100 MAX. S.0. VECTOKS 245
MAX. HODES = 245 WOKKSPACE USED : 44159
NUNBER OF USER SUFFLIED VECTORS = v
NEW SHIFT = 3. 94TBE-D1 MODES STILL NEEDEDL = 1
Osss USER INFORMATION MESSAGE S010, STUKM SEQUENCE DATA FOR EIGENVALUE EXTRACTION.
TRIAL EIGENVALUE = 3.947642E-01. CYCLES = 1.UUUUUUE-01 NUMBEK OF EIGENVALUES BELOW THIS VALUE = 4
ACCEPTED EIGENVALUES
2.8447Ee0S
NEW SHIFT = 5. 2415E¢05 MODES STILL NEEDED = v
0*** USER INFORMATION WESSAGE 4158---STATISTICS FOR SYMMETRIC DECOMPOSITI(N OF DATA BLOCK SCRATCH  FOLLOW
NUMBER OF NEGATIVE TERHS ON FACTOR DIAGONAL = 1
0*** USER TNFORMATION NESSAGE 5010, STURNM SEQUENCE DATA FOR EIGENVALUE EXTRACTION
TRIAL EIGENVALUE = &.241507E+05%, CYCLES = 1.152254E+02 NUMBER OF E1GENVALUES BELOW THIS VALUE = 1
END OF LANCZ0OS RUN
WARNING FLAG = v
NO. OF MODES COMFUTED = 1
CUMPUTED MODES
2. 5496970502503HE0S
1 TPS RESULTS ANALYSIS MARCH 29, 1493 MSC/NASTHAN 720002 PAGE 1u
[
Q
EIGENVALUE ANALY SIS SUNMNARY (LANCZUS ITERATION)
BLOCK SIZE USED 2
NUMBER OF DECOMPOSITI(NS . ....... .. .., 2
NUMBER OF ROOTS FOUND . . e 1
NUKBER OF SOLVES REQUIRED ........ ..., [
TERMINATION WESSAGE : REQUIRED NUMBER OF EIGENVALUES FOUND.
1 TPS RESULTS ANALYSIS MARCH 29, 1993 NSC/NASTRAN /29492 PAGE 11
[

REAL EIGENVALULES
MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED



NO. ORDER MASS STIFFNESS
1 by 1.549697K.03 3.049452E402 8. 0I64SIEL0L 1.000000E+00 2.349697E0%

1 TPS RESULTS AMALYSIS HARCH 2%, 199) NEC/MASTRAN 1/29/92 PAGE 12
0
O*¢+ USER INFPORMATION MESSAGE 5222 ,UNCOUPLED SOLUTION ALGORITHM USED.
1 TP# RESULTS ANALYSIS NARCH 29, 1991 MSC/NASTRAN /29792 PAGE 13
14
“““THIS IS WODE 8 1

(09-22-92) KNTs -~ 1LNODES = 1
“TSH0. OF COLUNNS= 1
1 TPE RESULTS AMNALYSIS HARCH 2%, 1993 MSC/NASTRAN 1/29/92 PAGE 14
°
“""OBTR2(09-14-92)= -1
1 TPS RESULTS ANALYSIS MARCH 35, 1991 WSC/MASTRAM  7/29/92 PAGE 1S
°
[ XY-OUTPUT SUNMARY {AUTO OR PEDP)

0 PLOT CURVE FRANE RNE NO. POSITIVE XMIN FOR XKAX FOR YWIN FOR Z FOR YMAX POR X FORe
TYPE  TYPE MO CURVE 1D. VALUE CHOSSINGS  ALL DATA  ALL DATA  ALL DATA Y ALL DATA YHAX
O PSDF DISP 1 a1 6€.639258E-01 9.028730E+01 1.000E-0) 1.500Ee03 2,967E-10 1.500E+03 1.%13E-01 8.010E+01

St AKSDIS1a 6.639158E-0125s €.6392508-01
“NODES « a0 .
" “MODENO CON1 NODEDISs (21 243 1.000000E+00
STUPREQUINCYs  §.028730E+0)
" “RMSD1S1s £.6)9250K-C1
“““THE RNS DIS. AT POINT 41 15 6.639258E-01 WITH TOTAL OF 1 NODES
“LOCALMAX = 6.639250E-01 LOCALWING 1.680172%8-01 -
“THE MAX RMS DIS. 1§ 6.639252E-01
0¢*+ USIR INFORNATION NESSAGE 4110 {OUTPX2) END-OF-OATA SIWULATION ON FORTRAN UNIT 12
(MAXIMUN SIZE OF FORTRAN RECORDS WRITTEN « 1 WORDS.)
(NUNBER OF FORTRAN RECORDS WRITTEN x 1 RECORDS.)
{TOTAL DATA WRITTEN FOR EOF MARKER « 1 WORDE. )
1 TPS RESULTS ANALYSIS MARCH 19, 1993 MSC/KASTRAN 1/29/92 PAGE 16
o
LANC2Z0OS PARANETER VERIFICATION
INITIAL PROBLEM SPECIFICATION
DEGREES OF FREEDON = 248 MESSAGE LEVEL = 1 LEFT END POINT = 3.948E-00Q1
NUMBER OF NODES - 1 OUTPUT UNIT . [ RIGHT END POINT = 1,000E+2463
MODE FLAG - 1 SIZE OF WORKSPACE = 23192687 CENTER FREQUENCY = 0. 00008+00
PROBLEN TYPE . 1 MNAXIMUN BLOCK SIZE » ? ACCURACY HEQUIRED = 3.6960E-10
SHIFTING SCALE L] 6. 18TIEs05
AFTER PROBLEM SPECIFICATION CHECKING
NUNBER OF NODES s 1 LEFT END POINT » 3. 948BE-0001
PROBLEN TYPE - 1 RIGHT END POINT = 1.00DEe2463
SHIPTING SCALE s 6€.2573K+05 CENTER FREQUENCY L] ¢.00008+00 CP TINE ALLOWED = 1.778UE+03
WORKSPACE ALLOCATION
LANCZOS BLOCK SIZE = 1 MAX. RITZ VALUES = 200 MAX. TRUST REGIONS = 28
MAX. BLOCK STEPS = i00 MAX. §.0. VECTORS = 245
MAX. WODES = 245 WORKSPACE USED = 44159
NUMBER OF USER SUPPLIED VECTORS » [
NEW SHIFT « 3.9478E-03 MODES STILL NEEDED » 1
0¢e¢ USIR INFORMATION NESSAGE 5010. STURN SEQUENCE DATA FOR EIGENVALUE EXTRACTION.
TRIAL EIGEINVALUE = 3.947842£-01, CYCLES s+ 1.000000E-01 NUNBER OF EIGENVALUES BELOW THIS VALUEL + °
ACCEPTED EIGENVALUES
2.1964K+07 3.26T4E+0?
NEW SHIFT » 2.7198007 WODES STILL NEEDED « -1
9stt USER INPORMATION WESGAGE ¢158---STATISTICS FOR SYMNEIRIC DECOMPOSITION OF DATA BLOCK SCRATCH  FOLLOW
MUMBER OF NEGATIVE TERMS ON FACTOR DIAGOMAL « 1
Gs++ USER INFORMATION NESSAGE S010. STURN SEQUENCE DATA FOR EICENVALUE EXTRACTION.
TRIAL EIGENVALUE = 2.731899L+07, CYCLES = 8.3186438+02 NUMDIR OF EIGINVALULS BELOW THIS VALUR » 1
DO OF LANCZOS ROM
WARNING PLAG - °
NO. OF WODES COMPUTID » 1
COHPUTED NODES
2.19639580217577E+07
1 TPS AESULTE ANALYSIS MARCH 19, 1951 MSC/NASTRAM  7/29/92 PAGE 17
[
[
EICENVALUE ANALYSIS SUMNNARY (LANCIOS ITIRATION)
BLOCK SIZR USED .... H
NUNBER OF DRECOMPOSITIONS ............. H
WUMBER OF ROOTS POUMD . ............... 1
NUMBER OF SOLVES REQUIRED ............ [}
TERNINATION WESSAGE : REQUIRED NUMBER OF EIGENVALUES POUND.
1 TPS AESULTS AMALYSIS WARCH 29, 1993 MEC/MASTRAN  7/29/91 PAGE 18
°
NEAL RICENVALUES
WODE  EXTRACTION EIGDIVALUE NADIANS cYcLEs GDNERALIZED GENERALIZED
»o. orpER nASS sTirINESS
) 1 3.196396E+07 4.6065728+0) T.4889118+02 1.000000R«00 1.1963%6Re0?
1 TPS RESULTS AMALYSIS WARCH 29, 1993 MEC/NASTRAM  7/29/92 PAGE 1y

32



o
0¢¢¢ USER INFORMATION MESSAGE 5212 ,UNCOUPLED SOLUTION ALGORITHN USED.

1 TPS RESULTS AMNALYSIS MARCH 29. 1593 NEC/NASTRAN 7429792 PAGE 0

o

“THIS IS WODE ¢ 1

“TT109-22-9) XNT= OLMODES= 1
“"°NO. OF COLUMNSs ]
1 TPS RESULTS ANALYSIS MARCH 29, 1993 MSC/NASTRAN /39492 PAGE n
o
“TCOSTR2(09-14-92) = -1
1 TP RESULTS ANALYSIS RARCH 29, 1993 MSC/MASTRAN 1719/ PAGE kt]
]
[ XY-OUTPUT SUNNARY (AUTO OR PSODPF)
0 PLOT CURVE FRANE RMS NO. POSITIVE XUIN POR XMAX FOR YMIN POR X FOR YMAX FOR X POR®*
TYPE TYPE MO, CURVE 1D. VALUT CHOSSINGE  ALL DATA  ALL DATA  ALL DATA YMIN ALL DATA YMAX
@ PSDP DIsSP 1 41 8 1.7231708-02  7.44%945E+02 1.000E-01 1.500C+03 2.735E~10 1.8500E+0) 2.S526E-05 7.461E«02
“°"RNSDIS1= 1.7213170E-0325s 1.723170K-02 .
" TNODESs 410
“""MODENO CON1 NODEDISs “ 243 9.035657E-01
= FREQUENCY« 7. 445945802
" "RREDIS1s 1.751962E-02
“““THI RMS DI§. AT POINT 41 18 1.7331708-02 WITH TOTAL OF 1 MODES
** " LOCALMAX = 1.751962E-02 LOCALMINs 6.4100¢1E-03
“*““THE MAX RNS DIS. IS 1.751962E-02
Ot++ USER INFORMATION KESSAGE 4110 (OUTPX1) END-OF-DATA SINULATION ON FOKTRAM UNIT 12
(MAXINUN SIZE OF FORTRAN RECORDS WRITTEN » 1 WORDS )
{NUNBER OF FORTRANM RECORDS WRITTEN = 1 RECORDS.)
(TOTAL DATA WRITTEN FOR EOF KARKER » 1 WORDS.)
*** ITERATION NO.{-1=LINEAR} = O XNORM» 3. 147312E-01
" "UGNINAX= 3.319629E-01
" "NUGNIMAX » 1.7%1962E-02
““*ABSOLUTE NORN = 1.794B06E+01
1 TPS RESULTS ANALYSIS WARCH 29, 19%3 MSC/NASTRAN /29492 PAGE 23
o
LANC208 PARAMETER VERIFICATION
INITIAL PROSLEW SPECIFICATION
DEGREES OF FREFDOM = 243 MESSAGE LEVEL . 1 LEFT END POINT = 3.948E-0001
NUNBER OF WODES - 1 OUTPUT UNIT L 1] RIGHT END POINT ®  1.000E+2463
HODE PLAG - 1 SIZE OF WORKSPACE o 2292607 CENTER FREIQUENCY = 0. 0G00EsvU
PROBLEN TYPE . 1 MAXINUN BLOCK SIIE « ? ACCURACY REQUIRED » 3.6950L-10
SHIFTING SCALE - 4.24798+05
AFTER PROBLEN SPECIPICATION CHECKING
NUMBER OF NODES * 1 LEFT END POINT *  3.94BE-000}
PROBLEW TYPE - 1 RIGHT END POINT *  1.U00E+2463
SHIFTING SCALE - 4.2679K.05 CENTER FREQUENCY = 0.0000E+00 CP TIME ALLOWED . 1.7660K403
WORKSPACE ALLOCATION
LANCIOS BLOCK SIZE » H WAX. RITZ VALUES = 200 MAX. TRUST REGIONS = s
MAX. BLOCK STIPS - 100 MAX. £.0. VECTORS s 245
MAX. WODES = 245 WORKSPACL USKED = 44159
NUMBER OF USER SUPPLIED VECTURS = o
NEW SKIFT - 31.947648-03 NODES STILL NEEDED » 1
Ot¢s USER INFORMATION MESEAGE $010, STURK E DATA FOR LUE EXTRACTION.
TRIAL EIGENVALUE » 3.347842L-01, CYCLES = 1.000000E-01 NUMBER OF EIGENVALUES BELOW THIS VALUE » o
ACCEPTED E1GENVALULS
9.3066K+06
NEW SHIFT " 1.1172Re07 MODES STILL NEEDED « ]
Qgese USER INFORMATION WESSAGE 4158---STATISTICS FOR SYMKETRIC DECOMPOSITION OF DATA SLOCK SCRATCH PFOLLOW
NUMBER OF NEGATIVE TERME ON FACTOR DIAGONAL = 1
O*** USER INFORMATION NESSAGE 5010, STURM SEQUENCE DATA FOR EIGENVALUE EXTRACTION.
TRIAL EIGENVALUE s 1.117194E+D7, CYCLES = $.1319668R+03 NUMBER OF EIGENVALUES BELOW THIS VALUE = 1
DID OF LANCI0S RUN
WARNING FLAG . o
NO. OF MODES COMPUTED = 1
CONPUTED NODES
9.30658624907690L06
1 TP MESULTS AMALYSIS MARCH 19, 1991 NEC/NAETRAN /33492 PAGE 24
[}
°
LIGENVALUERE ANALYSIS gSUNRAKRY (LANCIOS ITERATION)
- BLOCK SIZE USED ................c00nnn 2
WUMBEIR OF DECONPOSITIONS ............. 2
WUNBER OF ROOTS FOUMD ................ 1
WONBER OF SOLVES REQUIRED ............ L]
TERMINATION NESSAGE : AIQUIAED NUNDER OF EIGEMVALUES POUND.
1 TPS AESULTE ANALYSIS WARCH 29, 19393 NEC/NASTRAN  7/29/92 PAGE s
°
REAL BIGENVALUES
woDE EXTRACTION EIGDIVALUT MADIANS CYCLES GDITRALIZID GODNERALIZED
. ORDIR MASE STIFFNESS
1 1 9.3065862+06 3.050670R+u ¢.9883928.02 1.000000K+00 9.306506Ke0s
1 TPS RISULTE ANALYS1S MARCH 19, 199) MSC/MASTRAM  7/29/91 PAGR b1
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¢
0¢*¢ USER INFORRATION WESSAGE 5222 .UNCOUPLED SOLUTION ALGORITHM USED.

1 TPE RESULTS ANALYSIS MARCH 19, 1993 MSC/NASTRAN 1738792
o
STTTHIS IE NODE ¢ 1
(09-22-92) XNT» 1LNODES= 1
NO. OF COLUNNS« 1
3 TPS RESULTS AMALYSIS MARCH 29, 199) NSC/NASTRAN 7729792
o
"OSTR2I{09-14-92)= -1
1 TPE RESULTS AMALYSIS MARCH 19, 1993 MSC/NASTRAN  7/29/92
[
[ XY-QUTPUT SUMNARY (AUTO OR PSDP
0 PLOT CURVE FRAME s NO. POSITIVE XMIN FOR  XMAX FOR  YNIN FOR X FOR YMAX FOR
TYPE  TYPE NO. CURVE ID. VALUE CROSSINGE  ALL OATA  ALL DATA  ALL DATA YHIN ALL DATA
O PEDF DISP 3 @i %) 3.7447058-02 ¢.850105E+02 1.000E-01 1.5008+03 2.8188-10 1.5008¢03 1.786E-04
" " "RMEDIE1= 3.7447052-0225s 3. 744705E-02
“STHODRS e 410
“““NODENO CONM1 NODEDISs 1 243 -1.000000E+00
S FREQUENCYs 4.850105K402
4 AMSDIS1a 3.744705K-02
“““THE RMS DIS. AT POINT 41 IS  3.7¢4705K-01 WITH TOTAL OF 1 MODES
°** LOCALKAX s 1.1439612-02 LOCALNINY 3.7¢4705K-02
“"“THE NAX RNS DIS. 15 3.7447058-02
Oss¢ USER INPORMATION MESSAGE 4110 {OUTPX2) END-OP-DATA STHULATION ON PORTRAN UNIT 12
(MAXTKUM SIZE OF FORTRAN RECORDS WRITTEN » 1 WORDS. }
{NUNBER OF FORTRAN RECORDS WRITTEN » 1 RECORDS. )
{TOTAL DATA WRITTEN FOR EOF MARKER a 1 WORDS.)
“¢" ITERATION NO. (-1:LINEAR) s 1 XNORM« 1.371%02E-01
“*CUCNINAX » 1.745973K-02
“*“MUGNINAX= 3.744705£-02
“““ABSOLUTE NORN = 3. 6631511E+00
3 TPS RRSULTS ANALYSIS MARCH 29, 1991 MSC/NASTRAN 7/29/92
o
LANCZOS PARANETER VERIFICATION
INITIAL PROBLEM SPECIFICATION
DEGREES OF FREEDON » 245 MESSAGE LEVEL a 1 LEFT DND POINT
NUNBER OF WODES . 1 OUTPUT UNIT . (3 RIGHT END POINT
HODE FLAG . 1 SILE OF WORKSPACE =« 2192687 CENTER FREQUENCY
PROBLEN TYPE - 1 MAXINUM BLOCK SIIE = 1 ACCURACY REQUIRED
SHIFTING SCALE = 3.7184E+05
AFTER PROSLEN SPECIFICATION CRECKING
NUMBER OF %ODES . 1 LEFT END POINT = J.548E-0001
PRODLEN TYPE L 1 RIGHT END POINT *  1.000K+246)
SHIFTING SCALE 3 3.7184Z+08 CENTER FREQUENCY = 0.0000E+00 CP TIME ALLOWED
WORKSPACE ALLOCATION
LANCZO8 BLOCK SIZE = 2 MAK. RITZ VALUEE » 200 MAX. TRUST REGIONS
KAX. BLOCK STEPS » 100 NAX. §.0. VECTORS =« 245
MAX. WMODES L] 245 WORKSPACT USED = 4415y
NUKBER OF USER SUPPLIED VECTORS « [
MEW SWIFT s  3,9478E-01 WODEE STILL NEEDED « 1
Q¢** USER INFORNATION NESSAGE 5010, STURM SEQUENCE DATA POR EIGENVALUE EXTRACTION.
TRIAL EIGENVALUE = 1.947842L-01, CYCLES » 1.000000F-01 MUNBER OF EIGENVALUES BELOW THIS VALUE » o
ACCEPTED EIGENVALULS
5.0082806
NEW SHIPT s 5.9618E+06 NODES STILL NEEDED » Q
9t** USER INFORMATION NESSAGE 4138---STATISTICS POR SYNNETRIC DECOMPOSITION OF DATA BLOCK SCRATCH  POLLOW
NUMBER OF NEGATIVE TERNS ON FACTOR DIACOMAL » 1
G+ USER INFORNATION NESSAGE 3010, STURN SEQUENCE DATA FOR EIGENVALUE EXTRACTION.
TRIAL EIGDIVALUT = $.961816L+06, CYCLES = 3.886066K+02 NUNDER OF EIGENVALUES BELOW THIS VALUE = 1
END OF LANCL08 RUN
WARRING FLAG . ]
MO. OF NODES COMPUTED » 1
CONPUTID MODES
$.00017973026906E+06
t TPS RESULTS AMALYS1S MARCH 29, 1993 MEC/NASTRAN  7/29/92
°
[
EIGENVALUE ANALYSIS SUNNARY (LANCIOS ITERATION}
...................... 2z
............. H
................ 1
............ L]
TERNINATION MESSAGE : REQUIRID NUNMBER OF KIGENVALURS FOUMD.
1 TPS RESULTS AMALYSIS RARCH 29, 1993 MSC/MASTRAN  7/39/92
[
REAL ZIGCEMVALOERS
woDR EXTRACTION EIGEWVALUR RADIAME CYCLES 133 IIRD
O ORDER NARS STIFFNRSS
1 1 5.0081808+06 2.237696K.03 3.%617238+02 1. 000000 U0 5.U081R0E.06
1 TPE RRSULTS AMALYSIS KARCH 29, 1993 MEC/MASTRAN  7/2%/92
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=
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< 948E-000Y
- 000E+246)
0. 0000EsvO
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o
0+¢+ USIR INFORMATION XESSAGE 3221 ,UNCOUPLED SOLUTION ALGORITHM USED.

1 TPS RESULTS AMALYS1S MARCH 19, 1993 MSC/NASTRAM 7719/%2 PAGE LX)
[]
““"THIE 15 MODE ¢ 1
" {09-22-92) KNTs 2LNODESs 1
“°"NO. OP COLUMNS= 1
1 TPS RESULTS ANALYSIE MARCH 29, 1993 KSC/NASTRAN 729/92 PACE 38
[]
S""0STR2{09-14-92) -1
1 TPS RESULTE AMALYSIS MARCH 29, 1993 NEC/NASTRAN  7/19/91 PAGE 3
o
L] XY-0UTPUT SUNKARY (AUTO OR PSDP,)
0 PLOT CURVE FRANE RNS NO. POSITIVE XMIN FOR  XMAX FOR  YMIN FOR X FOR YHAX FOR X FOR*
TPRE  TYPE NO. CURVE 1D. VALUE CROGSINGE  ALL DATA  ALL DATA  ALL DATA TRIN ALL DATA TNAX
0 PSDP DISP ¢ @ B T7.08433BE-02 3.358983L<02 1.0008-01 1.5008+03 3.175-10 1.300E+03 8.884F-04 3 .361Ke02
“*“RNEDIS1e 7.084330E-0218=  7.0%4338K-02
““ NODES» 410
““"NODENC CON1 NODEDIS= " 143 -1.0000008+00
© T PREQUENCYs 3.5%09%3E.02
“CURMEDIS1e T7.084338E-02
“““IHE RMS DIS. AT POINT 41 I8 7.054338E-02 WITH TOTAL OF 1 wooEs
"~ “LOCALMAX s 1.5490312-02 LOCALMINS 7.054330E-02
SSSTHE MAX RN DIS. I8  7.034338K-02
Qtes OSER INFORMATION MESSAGE 4110 (OUTPX2) END-OF-DATA SINULATION ON FORTRAN UNIT 12
{KAXIMUN SIZE OP PORTRAM RECORDS WRITTEN s 1 WORDS.)
(NUNBER OF FORTRAN RECORDS WRITTEN & 1 RECORDS.)
{TOTAL DATA WRITTEN FOR EOF MARKER « 1 WORDS. )
“*= ITBRATION NO. {-1sLINEAR} = 1 XNORM= 3, 847873L-02
“ " UGNINAXs 1.060222E-01
° % NUGMINAX e 7.0843382-02
" “ABSOLUTT NORM = $.039357K-01
1 TPS RESULTS ANALYS1S MARCH 29, 199) WSC/NASTRAN 2729792 PAGE LR}
[
LANCIOS PARANETER VERIFICATION
INITIAL PROBLEN SPECIFICATION
DEGREES OF FREEDOW « 143 NESSAGE LEVEL s 1 LEFT END POINT = 3.94RE-0001
NUNBER OF MODES » 1 OUTPUT UNIT » L3 RIGHT END POINT a  1.0UuZ+266)
NODE FLAG . 1 EIZE OF WORKSPACE = 2292687 CENTER FREQUENCY - 0. 00VVE.LD
PRODLEN TYPE = 1 MAXINUM BLOCK SIZE « 7 ACCURACY REQUIKED = 3.69%CUE-10
SHIFTING SCALE *  3.6210E408
AFTER PROBLEN SPECIFICATION CHECKING
NUNBER OF MODES » 1 LEFT END POINT s 3.948%-0001
PROBLEN TYPR = 1 RIGHT END POINT 2 1.000E+2463
SRIFTING SCALE s 3.62308.08 CENTER FRIQUENCY = 0,0000EB+00 CP TIME ALLOWED = 1.7430E+0)
WORKSPACE ALLOCATION
LANCI08 PLOCK SIIE » H MWAX. RITI VALUKS . 00 MAX. TRUST RECIONS = 25
MAX. BLOCK ETEPE = 100 MWAX. £.0. VECTORS = 248
MAX. NODES - 1es WORKSPACE USED = 44159
NUMBER OF USIR SUPPLIED VECTORS s [
NEW SHIPT . 3.34782-00 MODES STILL NEIDED « 1
G*ss USTR INFORMATION MESSAGE 5010, STURN SEQUENCE DATA FOR EIGENVALUE EXTRACTION.
TRIAL EIGENVALUE » 3.947643E-01, CYCLES « 1.000000K-01 NWUNBER OF EIGENVALUES BELOW THIS VALUZ » ]
ACCEPTED EIGENVALUES
3.7661E+06€
NEW SHIFT =  4.5886E.06 MODES STILL NEEDED = °
0¢*+ USER INFORMATION NESSAGE 4138---GTATISTICS FOR SYMNETRIC DECOMPOSITION OP DATA BLOCK SCRATCH FOLL(W
NUMBER OF NEGATIVE TERME OM FACTUR DIAGONAL » 1
Ot** USER INFORMATION NESSAGE 3010, STURM SEQUENCE DATA POR EIGENVALUT EXTRACTION.
TRIAL EIGENVALUE o  4.388630E+0€, CYCLES = 1.409171E+02 NUKDER OF EIGINVALUES DELOW THIS VALUT » 1
DD OF LANC208 RUM
WARNING FLAG L) [
NO. OF MODES COMPUTED » 1
COMPUTED WODES
3.76612925020680K06
1 TPE RESULTS AMALYSIS MARCH 19. 1993 MSC/NMASTRAN  7/19/92 PAGE s
o
[
EIGENVALUZ ANALYS1IS SUNNARY (LANCZOS ITERATION)
BLOCK SITR USED ...................... 2 -
NUWBER OF DECONPOSITIONS ............. H
MUMBER OF ROOTS POUND ................ 1
WUNBER OF SOLVES REIQUIRED ............ s
TERNINATION NESSACE : REQUIRED NUNSER OF FIGENVALUES FOUND.
1 TPS RESULTS AMALYS1S MARCH 3%, 1993 MSC/HASTRAN  7/19/91 PAGE 3
o
REAL RlaxNVaLUES
wobg EXTRACTION CIGDIVALUE RADIANS cycLEs GRNERALIZED GINERNALILED
no. CODER NARS STIrVNESS
1 ) 3.7661298+06 1.9406538«0) 3.0806430u2 1.0000008¢00 3.T766129Ke06
1 TPS RESULTS ANALYSIS MARCH 29, 1993 WSC/MASTRAN  7/39/32 PAGE 40
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]
0e** UFER INFORMATION WESSAGE 5222 .UNCOUPLED SOLUTION ALGORITHN USED.

1 TPS RESULTS ANALYSIS MARCH 39. 1993 KHSC/NASTRAN  1/29/92 PAGE (13
)

“SCTHIS IS NODE ¢ 1

STt109-22-91) KNTs ILMODES« 1

“S*HO. OF COLUNNSs 1

1 TPS RESULTS ANALYSIS MARCH 29. 1953 NEC/NASTRAN  7/29/92 PAGE @
[

“““0STR2(09-14-92} s -1

1 TPS RESULTS ANALYS1S HARCH 29, 1991 MSC/NASTRAN 1739492 PAGE [}
[

o XY-OUTPUT SEUNNARY (AUTO OR PSDPFP)

0 PLOT CURVE FRAME Rus NO. POSITIVE XMIN FOR  XMAX FOR YHIN POR X FOR YHAX FOR X FOR¢
TYFE TYPE NO. CURVE ID. VALUZ CROSSINGE  ALL DATA  ALL DATA  ALL DATA YHIN ALL DATA YUAX
0 PSDF DIsP s 43 St $.1953198-02 3.086597E+02 1.000E-01 1.500+03 JI.416E-10 1.5008+0) 1.701E-0) 3.091E+02

4 RMSDIS1e 9.19%53198-0225. $.1953198-02
“SSNODES = 410
““"NODENO CON1 NODEDISa L 2Y 243  1.000000E+00

“FREQUENCY = 3.086597E+02

“RNEDIS1e 9.1953198-02

“THE RNS DIS. AT POINT 41 18 9.195)19Z-02 WITH TOTAL OF 1 wODES
“LOCALMAX = 9.195319C-02 LOCALNINe 1.972773E-02

“““THE KAX RME DIS. I5  9.193319K-02

Q¢** USER INFORMATION NESSAGE €110 {OUTPX2) END-OF-DATA SIMULATION ON FORTRAM UNIT 12

{WAXINUK SIZE OF FORTRAN RECORDS WRITTEN = 1 WORDS. )
(NUMBER OF FORTRAN RECORDS WRITTEN o 1 RECORDS.)
(TOTAL DATA WRITTEN FOR EOP MARKER 2 1 WORDS. )
““* ITERATION NO.(-1aLINEAR)s 3 XNORMa 3.6704152-03
T CUGNINAX e 4.0620278E-02
“ " TNUGNIMAX s 9.19%319E-02
““"ABSOLUTE NORM s -3 .991613E-02
1 TPS RESULTS ANALYS1S MARCH 29. 1993 MSC/NASTRAN  7/29/92  PAGE “
o
LANCZIOS PARAMETER VERIFICATION
INITIAL PROBLEM SPECIFICATION
DEGREES OF FREEDOM 2 245 MESSAGE LEIVEL = 1 LEFT EXD POINT * 3 9¢HE-00G1
NUMBER OF WODES a 1 OUTPUT UNIT - 1 RIGHT END POINT = 1.000E+2463
NODE FLAG s 1 SITIE OF WORKSPACT = 2191607 CENTER FREQUENCY = ©.0000E+D0Q
PROBLEM TYPE = 1 MAXINUN BLOCK STIE = 7 ACCURACY REQUIRED »  3.6960E-10
SHIPTING SCALE - 3.6352E+05
AFTER PROBLEN SPECIFICATION CHECKING
NUMBER OF NODES . e LEIFT END POINT = 3.948E-0001
PROBLEN 1YPE . 1 RIGHT END POINT * 1.0008+3463
SHIFTING SCALE ® 3.62528.08 CENTER FREQUENCY & 0.0000R+00 CP TIME ALLOWED ®  1.7310E-03
WORKSPACE ALLOCATION
LANCZOS BLOCK SIIE » H MAX. RITZ VALUES = 100 MAX. TRUST REGIONS = R 4.3
HAX. BLOCK STEPS o 100 WAX. 5.0, VECTORS = 245
NAX. MODES s 14 WORKEPACT USED . 44159
NUMBER OF USER SUPPLIED VECTORS &« ']
NEW SHIFT = 3.9476K-01 NODES STILL NEEDED » 1
Qer* USER INFORMATION MESSAGE $010. STURM STQUENCE DATA FOR EIGENVALUE EXTRACTION.
TRIAL EIGENVALUE s J.947842E-01, CYCLES »  1.000000E-01 NUNBER OF EIGENVALUES BELOW TMIS VALUE = [
ACCEPTED EI1GENVALUES
3.7618K+06
NEW SHIFT *  4.5665E«06 WODES STILL NEEDED « Q@
0e¢* USER INFORMATION NESSAGE 6130---STATISTICE POR SYWNETRIC DECOWPOSITION OF DATA BLOCK SCRATCK POLLOW
MUNBER OF MEGATIVE TERNS ON FPACTOR DIAGONAL « t
Q¢++ USER INFORMATION WESSAGE 5010, STURM SEQUENCE DATA FOR SIGENVALUE EXTRACTION.
TRIAL TIGEMVALUE s ¢.366476E+06. CYCLES = 3.401033K+02 NUNBEN OF EIGENVALUES DELOW THIS VALUE = 1
DD 0F LANCIOS RUN
WAMNING FLAG . ]
NO. OF NODES COMPUTED » 1
CONPUTED NODES
3.76176051906763K+06
1 TPS RESULTS ANALYSIS KARCH 29, 1993 MWSC/MASTRAN  7/39/92 PAGE L]
o
o
EIGENVALUE ANALYSIS SUNNARY {LANCZOE ITERATION}
- BLOCK SIZE USRD ...................... 2
NUMBER OF DECONPOSITIONS ............. 2
NUKBER OF ROOTS POUND ................ 1
NUKBER OF SOLVES REQUIRED ............ L]
TERMINATION WESSAGE : REQUIRID NUMBIR OF EIGENVALURS FOUND.
1 TPS ARSULTS ANALYSIS MARCH 219, 1993 MEC/MASTRAN  7/19/52  PAGE %
[]
REAL ERIGEMNVALUZS
wODE EXTRACTION OGRVALUT RADIANS CYCLES GDIEMALIZED GDIERALI ZED
wo. ORDER MASS STIFFNESS
1 1 3. 761769806 1.939828K+0) 3. 2 1. +00 3.761769R+06
3 TPS RESULTS AMALYS1S WARCH 29, 1993 MEC/NASTRAN  7/233/92 PAGR [y
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4]
Qe*e USER INFORKATION MESSAGE 5222 ,UNCOUPLED SOLUTION ALGORITHX USED.

1 TPS RESULTS ANALYSIS RARCH 29, 1993 NSC/NASTRAN  7/29/92 PAGE s
o
“*“THIS IS HODE ¢ 1
ST (09-32-92) KNT= ALWODES 2 1
SN0, OF COLUMNE t
1 TPS RESULTS ANALYS1S HARCH 19, 1993 NSC/NASTRAN 129792 PAGE 49
[
“°"OSTR2(09-1¢-92)= -1
1 TPE RESULTE ANALYSIS MARCH 29, 1993 MEC/NASTRAN 72992 PACK so
L]
] XY-0OUTPUT SUNNARY {(AUDTO OR PSDT)
0 PLOT CURVE FRANE RNS NO. POSITIVE XMIN FOR  XMAX FOR  YMIN POR X FOR YMAX FOR X FOR*
TYPE TYPL NO. CURVE ID. VALUE CROSSINGS  ALL DATA  ALL DATA  ALL DATA YMIN ALL DATA YMAX
© PSDF DISP [ a9 8.917860E-02 1.004809E+02 1.000E-01 1.500£+03 3.207E-10 1.500L+03 1.526K-03 31.091E+02
“““RMSDIS1s 9.917060K8-022%+« B.917860R-02
~"NODES s 410
*““NODENO CON1 NODEDISs 41 243 -1.000000E+00
“““FREQUENCYs 3.004809E+02
“““RNSDIS1a 8.917860K-02
“““THE RNE DIS. AT POINT 41 18  8.917860E-02 WITH TOTAL OF 1 MODES
* " LOCALNAX = 1.934125E-02 LOCALMNINS &.917060E-02

“°"THE MAX RMS DIS. I8 8.917860E-02
0*** USER INFORMATION MESSAGE ¢110 (OUTPX2)END-OF-DATA SINULATION ON FORTRAN UNIT 12

{KAXIMUN SIIE OF FORTRAN RECORDE WRITTEM = 1 WORDS. )
INUKBER OF FORTRAN RECORDE WRITTIN = 1 RECORDS.)
{TOTAL DATA WRITTEN FOR EOF MARKER = 1 WORDS .}
4<% ITERATION NO. (-1aLINEAR) = ¢ XNORMe 1.628544X-0)
“CCUGNIMAXS 9.011798E-02
ST MUGNINAX« 9.9178560K-02

““*“ABSOLUTE NORM =» 1.083379E-02
O*¢¢ USER INTORMATION MESEAGE 4109 (OUTPX2] THE LABEL I£ PDALABEL FOR FORTRAN UMIT 12
(MAXINUM SIZE OF FORTRAN RECORDS WRITTEN = 7 WORDS. )
{(NUWMBER OF FORTRAN RECORDS WRITTEN « 8 RECORDS. )
{TOTAL DATA WRITTIN FOR TAPE LAMEL s 17 WORDS. )
Q0e*** USTR INFORMATION WESSAGE €114 (OUTPX2)
DATA BLOCK OUGVIPAT WRITTEN ON FORTRAN UNIT 12. TRL =
101 ° (11 0 [ [ o
(HAXZIMUN POESEIBLE FORTRAN RECORD SIZE » 245768 WORDS )

(MAXIMUM S1ZE OF FORTRAN RECORDS WRITTDN » 648 WORDS.)
(NUNDER OF FORTRAM RECORDS WRITTEN « 24 RECORDS.)
{TOTAL DATA WRITTEN FOR DATA BLOCK = 929 WORDS. }
0¢4+ USER INFORWATION WESSAGE 6110 {OUTPX1) END-OF-DATA SIMULATION ON FORTRAN UNIT 12
(MAXINUN SIZE OF FORTRAN RECORDS WRITTEM & 1 WORDS. }
(NUKBER OF PORTRAN RECORDS WRITTEM o 1 RECOADS. )
{TOTAL DATA WRITTEN FOR IOF WARKER » 1 WORDS .}
1 . s ¢ DND OP JOB ¢+ »

Overall Rms Displacements

When the overall rms displacements are requested, DISP=ALL is required in the Control
Deck. The overall rms displacement is formed by multiplying the maximum rms displacement
by the updated mode shape. The overall rms displacement can be found in the *.f06 output
file. It also can be extracted from an OUTPUT? file by including a “PARAM,POST,-1" card
in either the Case Control or Bulk Data Decks.

5.4 Static and Nonlinear Random Analysis

The modified MSC/NASTRAN SEMELRR solution sequence can be combined with
other solution sequences to handle the effect of static mechanical and thermal loads on the
nonlinear random response. An example is shown for a hexagonal thermal protection system
panel subjected to combined thermal and random acoustic loads. The deformed shape due
to the static thermal load is first obtained using the SOL 101 procedure. A RESTART of the
SEMELRR solution sequence is then run to obtain the dynamic response due to the combined
load. The results shown were obtained by post-processing the output with PDA Patran [20].
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SOL 101 data cards

s The dimension of the isotropic plate is 15 + 12 * 0.04
s For the applied thermal lcad, run tr#06-1.dat firet,
$ then RESTART on tr80€-3i.dat
$ IN ORDER TO GET THE COMBINED THERMAL AND ACOUSTIC LOADINGE
3
$ file nane : P101.dat
H
1 BUCK DATA 1» in the PLATE.RD7
s
ID MSC. CHIANG
TINZ 100 $
SOL 101 §
[= . 4
$
TITLE = TPS RESULTS AMALYSIS
SUPER = ALL
METHOD » ¢
LOAD s 200
SLPARMN = 10
s
ECRO=NONE §
SPCa56 §

BEGIN BULK §
INCLUDE PLATE. BDF

In order to run SEMELRR with the data base stored from SOL

command is needed:
nastran P111.dat dbs=P101

SEMELRR data cards

RESTART VERSIONs 1 XEEP §
$
$ File nase : Plll.dat

$
$ THIS 18 THE MODITIED NASTRAN RANDOM SOLUTION

s
ACQUIRE MDOL

s
1D CHIAMG. NASTRAM
s
COMPILE SENELAR SOUOUT=USASOU OBJOUTsUSRORS NOLIST NOREF
INCLUDE SENELAR. DHAP
CONFILE USREOU OBJOU S NOLIST NOREF
INCLUDE SEDRCVR. DWAP
CONPILE SUPER) SOUOUTsUSRSOU OBRJOUTUSROBJ MWOLIST NOREF
INCLUDE SUPER) . DMAP
CONPILE SUBDMAP:SEMG SOUINaNSCSOU NOLIST NOARY $
ALTER 32 $
EQUIVX EST/EETL/ALWAYS §
DMALTER §
S0L SEMEIRR §
LINK SEMELRR §
TINE 100 $
o
TITLE « PLATE RESULTS AMALYSIS
SET 1 = 1 THRU 64
DISP sALL §
STRAIN(FIBER) « 2 §
ECHO « NONE §
NETIOD = 4 3
SPCa56
SOMMP s 102 §
DLOAD = 301 §

]

OUTPUT{ XYOUTY

XYPLOT DISP PSDF/ 41{TH)
s

101, the following



$ FREQUENCY RESPONSE 1MPUT

DLOAD ol 1.0 1.0 204

RLOAD1 104 00 10
LSFQ 300 300 100

PLOADZ 100 1. 1 ‘THRU 64

TABLED1 10 +QR
QR 0.0 1.0 1000.0 1.0 DoT

RADPE 59 1 1 1.0 (3

TARRND1 63 +TR
o 0.0 8.4215-51000.0 8.4215-52000.0 0.0 «TR2
.Q NDT

H

TAIDMPL 102 +DP1
+DP1 0.0 0.04 2000.0 0.04 ENDT

$

PARAN . RNSTRAIN,1 § IF ANMS STRAIN 1§ NEEDED RMSTRAINs)

PARAM, NAXITER,) § MAX. NUWBER OF ITERATION

PARAN, ABSNORN, 2. 0E-2 § ABS. NORX FOR CONVERGE TEST

PARAM, BETA. 0.3 § SCALE FOR BETTER CONVERGENCE. RANGE FROM 0.0 TO 1.0

PARAN, LGDISP, 1

$

INDDATA

s

Hexagonal Panel

A hexagonal thermal protection system (TPS) panel similar to the cutout shown in figure
1 was subjected to both thermal and acoustic loads. The structure is composed of an eight-
ply carbon-carbon TPS panel with built-up substructure. The TPS panel is connected to
the substructure with seven titanium rods (posts). The substructure has an aluminum core
sandwiched between an aluminum and a graphite/epoxy face sheet. The dimensions of the
panel are given in Table 1, and the finite element mesh is shown in figure 9. The finite
element model is comprised of 804 triangular elements and seven bar elements with a total
of 622 nodes.

The boundary conditions imposed on the panel were designed to minimize thermal
stresses, and are summarized for each component. The edges of the TPS panel are constrained
in the perpendicular and tangential directions. The edges of the substructure are constrained
in all rotations and translations. The post connections to the TPS panel were modeled as
pinned joints using MPC Bulk Data cards. The three translations at the top of the posts
were equivalent to the three translations at the adjoining locations of the TPS panel. The
connections between the posts and the substructure were also modeled using MPCs. The
center post connection was modeled as a rigid link, i.e. all three translations and the two
rotations at the lower-end node of the post were equivalent to the translation and rotations of
the adjoining node of the substructure. The remaining post connections to the substructure
were also modeled as pin joints.

Table 1 Dimensions for hexagonal TPS panel example problem

Radius 13.0 in.
Overall height 2.5 1n.
Radius to posts 8.0 in.
Carbon-carbon thickness 0.091 in.
Substructure thickness 0.375 in.
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Center post radius (.1875 in.
Outer post radii 0.125 in.

A 2000 °F temperature load was applied to the TPS panel and a 200 °F load was applied
to the posts and substructure. The thermal displacements and stresses were predicted using
SOL 101, and are plotted in figures 10 and 11. The TPS panel results are essentially those of
a stress-free thermal expansion while the substructure shows a moderate compressive thermal
stress with little thermal displacement. The equivalent linearization solution sequence was

“restarted using the data base from the static thermal solution with the initial stresses and
displacements. The rms thermal-acoustic displacements and stresses were predicted for a
broadband acoustic excitation of 150 dB uniformly distributed over the carbon-carbon panel.
These rms displacements and stresses are plotted in figures 12 and 13. The solution sequence
converged in four iterations with the convergence enhancement parameter BETA set to 0.5
and the default convergence criteria.

The level of nonlinearity in the response is typically measured in several ways. The
two most common are the ratio of the equivalent linear fundamental frequency to the linear
fundamental frequency (frequency ratio) and the ratio of the equivalent linear maximum
rms displacement to the linear maximum displacement (amplitude ratio). For this particular
problem, these ratios were 1.19 and 0.414, respectively, and are typical of moderate to
extreme geometric nonlinearity.
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Figure 9: Finite element model
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Figure 10: Deformed plot of the thermal displacement

vector. Displacements are given in inches.

WUD

1682

485

Thermal stresses in the radial direction ¢; in psi.
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Figure 11
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Figure 12: Deformed plot of the root-mean-square thermal-acoustic
displacement vector. Displacements are given in inches.
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Figure 13: Root-mean-square thermal-acoustic stresses in the radial direction e, in psi.
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Summary

An equivalent linearization solution sequence used to predict the nonlinear random
response of structures has been incorporated into MSC/NASTRAN version 67r2. A new
main SUBDMAP, SEMELRR, and a significantly modified MSC/NASTRAN SUBDMAP
SEDRCVR are compiled with the MSC/NASTRAN delivered library of SUBDMAPs to
create the new solution sequence.

The equivalent linear rms displacements, strains or stresses, and frequencies are calcu-
lated by an iterative solution method. The numerical results obtained were in good agreement
with existing solutions. The output requests and the iterative solution method are controlled
by several new user defined PARAMeters. The versatility of the implementation will en-
able the analyst to determine the nonlinear random responses for complex structures under
combined loads.
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Appendix A Main SUBDMAP

SUBDMAP SIMELAR § PRONM S0L 111 - SUPERELEMENT MODAL PREQUENCY

$

$ POSE )

TYPE DB, KJJ. )J, BJJ, USET. GOA, GORT. KA, DYNAMICS , KOG, DEQATN . DEQIND. AGG .
GPLB, SILS, SLT. DM, CASES, BOEXINS , MATPOOL , G, LOO, KOO, PCDBE,
DIT.BCPOTS.COTHSE, BST, MPTS . XYCDRS, LLL  KLL. ULL.

BMAP. MAPE . BTT. PVTS, KPS, K38, KSP , KWV, RDT,
GEOMIE, GROM3IS . BCTS, BPTE, INDTA, KBLM. KDICT, SLIST.
GPECT, VELEN, IQEXINK., BCTX, BGPDTK, SILK,GROMAS  VGIFS . NPT, DIT. CS'™,

3 STATIC LOAD GENERATION
N, PTELEN, PG, PA, YS. OR. POS, PSS, PL.,

s DYNANICSE ONLY (SBMR}

BOG, X4CC, MFP, NLR, MLL . YRR, OMLAMA, OHPHA . CMPHO . MLAAL.
HR, GOAQ, KLAA, MLAA . MAA . HAR, MBA , BAA . K4AA  )GG,

$ PHASE 2
PHA ., LAMA, CHDD, CXIDD, CB2DD, PHDM, K4DD, VPNPS,

ULF, RSTNL., UGNT ., RSTL,
PHFA, LAMAP  PHSA, USETNL, PGNT,
$ PHASE )
QPF, PUG, UPP,
OUPP1 . OPPP1, 0QPP1, OPEP1, OFES1 . OPREY,
OUPF2,0PPP2, 0QPF2, OFRIF2, OFES2. OPER2, GPOTS,

§ DYMAMIC SENSITIVITY
ULFDS ,UPPDE. QPPDE,

$ BQUIV FCRATCH AND DBXSEDR
BPHH, FLNODPP, P)PP. POL1, FOL2.GMD, GOD, BDOMX , CASEDR, XYCDBDR .
KPHH, LDMDDPP . LMPY ., KPHK, MKAA . MOUAA, OA . FCDB. ABBH,

PPHF, PHPAL , PNPF. PNLMODPP, PPFL, SMPF . STHODPF, UHPL .
UMPP. UMPE ., XYCDB. AREHX, PHSAF, PHPAS, MUGNI . USET] .
XDOD. XDJJ . KRDO §

TYPB DB. ZUZTRO1, ZUZROZ, ZUTRO0I, ZULRO4, ZUZR0S,

TULROE. ZUZROT, ZUZROS, ZULRDY, ZUZALO, ZUZR1L §

TYPR DB, ZUZR11, ZUZR13,ZUZR14 §

$ BAVED PARNMETERS

TYPB PARN, NODL, I.N,LANGLES §

TYPB PARN, NDDL, I. N, LUSETS, IORNLK, FPHODE . XPNPLG §

TYPR PARN, NDDL. LOGICAL,N.GOPH2 . SXIPSE §

TYPE PANX, . LOGICAL, N, RSTRT §

TYPE PARM., NDDL, CHARG ., N. PAANE §

$ QUALIFERS

TYPE PARM. NDOL. I, N, SBID. NTEMP. LOAD, TEMPLD, DEFORN, MFC . £PC, PRID. METH,

NLOOF, DESITER. DYRD, MPLUID, METHP, TPL, DLOAD . FPREQ. SDAMP. IPANBL  §

TYPR PARX, NDOL, CHARS . N. KIGG. M2GG ., B2GG, P2C. X2PP. M2PP. BIPP APRCH ¢

TYPE PARM, NODL, LOGICAL, N, FSCOUP §

$ USER PARANETERS

TYPR PARM, .RS.Y, K6ROTeD. §

TYPE PARN, ,CHARS, Y, AUTOEPC= YRS

TYPR PARM, NOOL . CHARS, Y, DBXSRDR §

TYPS PARN, NODL. 1, Y. ASTNG, DDRIM, LMODES , KDAMP . COUPMASS .

MODACC, DBDICT. DBDRPAJ, DBORVER, DBDROPT. EXTRCY,
$ ACOUSTIC ANALYSIS

PLUIDIMP . STRUCTIP . PANBLICP. axror §
TYPS PANX.NODL, RS, Y,G.LFREQ, HPREQ, WTHASS §
$ LOCAL PARAMETERS

*  DYNSEN= ‘NO* §

TYPE PARN, ,CHARS, K. SUBDHAPs ' NLSEMPREQ * . APPs’ PREQRESP' .APPLe  FREQMESP' .

BOLTYP= "MODAL ‘8
TYPS PARK, .LOGICAL,N. REONLY=PALSE. PS«FALSE, NOPHIsFALSE. DOPHMTRUR §
TYPE PARN, .I.N,DMAPNOs211, PFILE=C, CARDNORO, LASTSRID, DROPTRO .

NOUSET, NOASET, NOBS BT, NOCSET . NOGE BT NOLSST. NOOSET . NOQSET.

NOSASET, NOPASET=0, NERIGC, NPRIG, NPSBIG. LMODEX.
IPREQ. IFREQX, NOOG, USETARE , NOWPs- 1, NEWK s -1, NOKOGNL
SOLCUR, SOLPRE. LHVPARS §
PARN, MDDL , 18, Y. BPPRT. RPZERO, MAXRATIO, PRPA, PRPJ,
EPSHALU, SPEMALC, EPEBRIG, EPSAC. PAPRIVZ, RMAX, BICHA .
TINY. TADS §
PARN, NOOL, I, Y. SEQOUT, NBWSEQ . SUPER, PACTOR, MPCX, START,
IRES, GRDPWT, SPCCIDN, GPECT, ST, USRTPRT. URSTSSL.
BAILOUT, INALM, PRTPCH. NPECT. NOSHADS
GROWMU, LOADU, POSTU, DBCDLIAG . FIXBDS, LCDISP §
PARN, NDOL . CB, Y. CM1, ON2.CK1, CX3.CK).CBL.CD2.CP1.CP2 §
PARN, NDDL, CHARS ., Y, PAGPST, DBCCONY . DBCOVWRT §
PARK, ,I.Y, KT -1, LOOPID#0, SLOOPIDu-1 , RMSTRAIN, MAXITRR=S §
PARN, X, N.NEXIP=0 § )
PARN, . A8, N, OFREQ. XNORMe3 .0 §
PARM, . RS, Y, BETA0. 5, ARENORM0 . 05, MAXNORM=1.0-3 §
PARN, (RS, N, UCNDAX, NUGNDAX . 23,24 §
PAXMN, ,C8. NGO (1.0.0.0),OMBGA2, IOMBGA §
PAA, .C8. N, CONST1e (1.0.0.0) .CONET2#(1.0.0.0) §

g

FEFEFEEEE

-= PERFORN PHASE 0 AND I OPERATIONS

“on

MLOOP=0 § SET QUALIPIRR

CALL SUPBR1 /CASECC, USST.GOAT. KAA, DYNARICS.GPLS. SILS. SLT. D,
CASES . BQEXING. MATPOOL , G, DIT, BGPDTS. CATIB , BST, WPTS,
XYCDBS, LLL, KLL ,ULL . . PCDB. SXAP, XYCDS. WAPS, BTT, VTS,
KPS.KE8, KSP. 3DT, EDOMX . GHOMI S. GEBONOS. FOSTCDS . ICTS . BPTS,
INDTA ., KELN, KDICT.GPECT. VELEM. PORCE. BQEXINX. BCTX. SGPOTH.
SILK, .., PTELEN. PG, PA. Y8, QR, POS . PSS, PL, |
. KVV, I, RGG, KOO, LOG, BIJ, BGG. K4GG, WIJ. WP . )0A,
NLL . MRA, CHLANR , CHPHA . OGO, MLAAL . MR, GOAQ, KLAA . HLAA . MAA
AR, XER, BAA, KAAA, MGG, . . , . GBON4S, VCPS,
PCDOS . BSTL . RETML . AGG, DNI. DMINDX, DFI. DTINDK. DEGATN, DEQIND .
KDIIT. BQIDNO, PLISTI. PLISTI, CONSBL, DPLDXL. DXDXIT,
DTOS2. DTOS) . DTOS4 , DECREN. TARDEQ. VP, VTN, DTS,
DEQCON, DRQPOS . DRSCAD, DESG ID , COORIM, DCLDXT ., COBt/
APP/DVAPNG/S . RSONLY /SOLTYP/ PALSS /PALES / PALSR/ TRUBR/
APROM/8 ID/8.PRID/S, NTEMP/S. LOAD/S. TRMPLD /S . DEPONN/

Al

8, MPC/$.6PC/E,K20G/8. MGG /5, BAGG /8, P2G/S. OYRD/B . METH/
8. MFLUID/S, LASTERID/S, PPILE/S . LUSETS /6 . PSCOUP /K6 ROT/
AUTOSPC/S, NOPH2/S. DOPHIN/ S, DESITER ¢

DO WHILE( KNT<«MAXITER ) §

IP { EXTRCVeO ) THEN §

§ mme- ===+« PERPORM PHASE II OPSRATIONS

PUTSYR(0,109) § PORCE BXECUTION ON RESTANT

PUTEYS(0.82) § DISALLOME DMAP TO PIRLD NOGO PLAGS

FILE DLTaSAVR, OVRWRT/VAFSsSAVE , OVRWRT /LAMAS = GAVE . OVRWRT /
MHH=SAVE. OVRWRT/ BHH =SAVE, OVIWRT/ KHHs SAVE . OVRWRT /
PPPSAVE, OVRWRT/PEFeSAVE, OVRWRT/PDPaSAVE, OVIWRT /
POLSSAVE, OVRWRT/PHP o SAVE, OVIWRT/UHP« SAVE, OVRWRT /
CASEDRs SAVE/XYCDBDR«SAVE. OVRWRT /UPPeSAVE, OVIWRT /
MXAA sSAVE, OVRWRT/CETHE sSAVE, CVRWRT/ KDAG u SAVE , OVRWRT /
USET=EGAVE, OVIWRT §

rmns RLAA=SAVE ., OV RWRT /MLAA sSAVE, OVRWRT §

PILE KELMNL«SAVE, OVIRT/ KDICTNLaSAVE, OVIWRT $

PILE MUGNT=SAVE . OVRWRT /MESTHL=SAVE . OVIWRT /BSTNLeSAVE. OVRWRT §
PILE SET+SAVE. OVRWRT/ BSTLaSAVE , OVRWKHT /UGNIa SAVE, OVIWRT $

PILE CASESX2HaSAVE §

PILE TUZRLI=OVRWRT/ZULR14 sOVRWHRT / 2UZR1S sOVIWRT §

riLe KAA2SAVE. OVRWRT /MAA=SAVE, ONRWRT/GPRCT=SAVE, OVRWRT £

$
$ NONLINBAR OUTPUTS
$

IP ( NOT GOPHMI ) CALL BRRPH2Z //'PHASE I'/0 § BRROR IN PHMASE I
PARAML  CASBCC//'DTI'/1/208//S, N, MANUAL § PLAG FOR MANUAL RESTARTS
IF ( MANUAL<»-1 AND LASTEBID«>) | EXIT § BVERYTHING IS OK

$ IN PHASR @ BUT USER MADE NO PHASE I REQURSTS FOR R.S.

AND REBQUESTRD MANUAL ANALYSIS OMLY

$
$
§ PERPORM BIGENSOLUTION ON RESIDUAL STRUCTURB
$
CALL PMLUSET USET//5.NOASET/S NOBSET/S,NOCSET/S.NOGEET /S, NOLEET/
$.NOOEET/$, NOQSET/E . NORSET/S, NOSSET/ 8, NOTSET/
B, NOVERT/S,NOA /B, NOERT/5, HORC /5, NONEET /S, NOUSET ¢
IP | NOUSETs=-1 } THEM §

WESSAGR /7° DMAP PATAL MESSAGE 9015 {NLSEMPREQ) -/
* THE USET TABLE IS NOT PRESENT.’ §

ENDIP §

$

DBXSEDA«DBXSEDR § SET LOCATION FOR DATABLOCKS NEEDED FPOR RXTERNAL SB DR

$ SBT UP TABLES POR DYNAMIC AMALYSIS - UM 3.3.24

DPO DYNAKICS . GPLS.SILS,USKT.SLT.PG/GPLD.SILD.USKETD,
TPPOOL, DLT. PSDL, PRL. NLFT, TRL, BRD.BQOYN/-1/6 N, LUSETD/
0/0/0/0/0/ 9 71 /133/5, N, NOUE §

$

PARAML  CASES// DTI'/1/ 15// S, N.TPL &

PARAML  CASES//OTI°/1/139////8 N . RIPPA §

PARAML  CASES//°DTI"/1/140////8 M. K2PPB §

RIPP:KIPPA & KIPPB

PARNC  CASES//'DTI'/1/141/7//6. M. M2PPA §

PARAML  CASES// DTI /1/142////8,N.M2PPB §

N2PPaN2PPA & M2PPB
PAMNGL  CASES//CDTI’/17143/77/6. 0, B2PPA
PARNG. CASES//'DTL'/1/1447/1/8.N.32PP8
DIPP+BIPPA &« BIPPS

"o

PAMME,  CASBE// 0TI’ /1/149//5.N.SDAMP §

PARML  CASBS//°'DTI'/1/13 //8.N.DLOAD §

PAANXL  CASES//'DTI'/1/14 //B.N.PREQ $

PARML.  CASES//°'DTY’/1/236//8 .M. METHF § KETNOD(FLUID)
s

PARAXL  VGPS//'PRRS‘////8.N . NOVGRS §

IF ( NOVGPS>-1 ) THEN §
BQUIVX  VGPS/VAPS/NOA §
IP (NOA>-1) UPARTN  USET.VGPB/VAPMS..,./ G/’

‘ng

PARANL.  VAPS//'TRAILER'/5/8.N.NOPASET $§

PARAML  VAFS// TRAILER'/4/8.N.PROC §

NOFASETNOPASET/PREC § NO. OF FLUID DOFS IN A-SB3T
BDI? §

NOSASET=NOASET-NOPASE § NO. OF STRUCTURE DOFS IN A-6BT
P8s (NOSASET>0 AND NOFASET>0) § BOTH PLUID AND STRUCTURR EXIST

$
IP ( NOUT NOPHMI ) THRN §
s
$ COMBINE STATIC AND DYMAMIC PORTION OF THE RESIDUAL STRUCTURE
$
CALL GBCOA GOAT/GOA /NOOSET/NOQEET/NOTEET § TRANSFONMATION
IP { NOQSET=-1 )} THEN §
BQUIVX  KAA/NKAA/ALMAYS §
BLES IF { MOTEETe-1 ) THEN §
BQUIVX  KLAA/MKAA/ALWAYS §

LSS ¢
ADDS RAA KLAX, , . /MKAR §
nor §
ADDS MLAN, A, ., /YA §
$
BQUIVX  GOA/GOD/NOUS §
BQUIVK  G/GMD/NOUE §
BQUIVN  R4AA/K4DD/NOUS § .

IP | NOUB»-1 } THEN §
UEGEL USETD.CM, .. /GND/'NR° /"N /
WERCEL USETD.GOAM, .. /GOD/ D'/'A°/
UNERCEL USETD.K4AA.. . /KeDD/ D/ A"/

noIr §

DIVISW XESTNL = BSTNL (WRERE NLOOP » SLOOPID) $




DBVIBW YUGNI
DBVIEW YPGNI

a MUGNT
a PGNI

{WHERR NLOOP = SLOOPID) $§
(WHERE NLOOP « SLOOPID) §

DBVIRW YRSTNL = RSTNL (WHRRE KLOOF = LOOPID} $

t
$

INITIALIZE SOLPRE AND SOLCUR

SOLPRE2LOOPID §
SOLCURaSOLPRE $
RETRT= (LOOPID>0) § LOOPID=0 POR COLD START AND >0 FOR RESTART

PAMAML  YUGNI//'PRES'////8.N,NOYUGNY §
IF { NOYUGNI>-1 ) THEN §
NLOOPaD §
BQUIVK  YUCNI/ULX/NOA §
BQUIVX  YPGNI/PLX/NOA §
IP ( NOA>-1 ) THEN $
UPARTN  USBT. YUGNI/ULX.,,/'G'/’A'/‘8"/1 §

§8G2 USET. GM, . KPS.GON, DM, YPGNI/, ., PAX, PLX $
ENDIPF § NOA>-1
EQUIVK  ULX/ULNTI/ALWAYS §
BQUIVX  PLX/IPD/ALMAYS §
coPY IFD/IFDH §
coPY ULNTT/ULNTH §

ENDIF § NOYUGNI>~1

DELETR /MESTML..., §

COPY YESTNL/MESTNL $
DINIBW GMO=GN (WHERR NLOOP=0) §
DWIBW KDDO=MKAA (WHERR NLOOP=0| §

$
$

IF THERR IS NO EXTRA POINT. A-SET a D-SET

$
DBVIEW USETO=USET (WHERE NLOOP=0} §
$

IF { KNT>-1) THEN §

$
$
$

“nnn

$

TOP OF NON-LINBAR LOOP

SOLCURaSOLPRE+1 §
NLOOP«SOLLUR-1 §

FIND KGG POR NONLINEAR BLEMENTS: ALSO KDGC IP GBOM NONLINEAR
REDUCE THRSR TO A-SIZE

BQUIVX KDDO/KAA/ALWAYS $§
IP { LGDISP>-1 | THEN § POR GBOMEBTRIC NONLINEAR
GENSRATE KDJJ AMD ABDUCE TO KDUD

IP ( UNVFABS>-1 ) THEM § JUMP ONLY POR COLD START w/a IC
BXTRACT AND PORN ULNI PROM ULNTI
PARMIL ULNTH// *TRAILRR' /1/E.N,DCOL § DCOL'S IN ULNTT
1P { DCOL<3 ) TMEN §
BQUIVX ULNTH /ULNTX/ALWAYS §
BLSE § '
IP { NEWP>-1 ) DCOLsDCOL-1 § SUBTRACT TO BACK UP POR ACCEL
OCOL=DCOL-1 $ NOW DCOL CORRESPONDS TO DISPL
EXTRACT DCOL-TH COLUMN VBICTOR

MATMOD  ULNTHM..,., /ULNTX,/1/DCOL §
BNDIP § DCOL«2
BQUIVX  ULNTX/ULNX/ALWAYS §

SDR1 USET. .ULNX, ., .GOA,GMO, , ., /ULNEX, . /1/ PREQ‘ §

END OF PORMING DISPL VECTOR POR K MATRIX

CASR CASBCC, /CASEXN/ FREQ® /S, N, REPEAT/O §

VECPLOT MUGNI, ZUTR11. BQRXING, CETME. CASEXX. /UGVBAS /0/0/3 ¢

BQUIVX BGPUTS/ZULRLO/ALWAYS $

DELETE /BGPDTS.... §

MATMOD UGVBAS, ZUZRLO, .., /BGPDTS. /11 §

DELETR /BSTNL, BST.,, §

TAL MPTS, SCTE, BPTS, BGPDTS . SILS. BTT.CSTHS . DIT/
BST.ASTIL, GEI,GPICT. BSTL/
LUGETS/1/8.N.NOSIMP/2/8, N, NOGENL /SRID/
1/NLAYBRS §

ESTML, CSTHS, MPTS, DIT. , ULNIX. . /KDELMH, XDDICTH, ,, , /

- L/Q/077 082048171811 ILANGLES §

GPECT. KDDICTH, KDRLIMH, BGPUTE . SILE . CSTHE /KDJJ . /-1 §

REDUCS DIPFERINTIAL STIPPNESS AND COMPUTE
TANGENTIAL STIFPNESS POR GEOMETRIC NONLINEAR

BQUIVX  KDJJ/KDMM/NOMSET §
IF | NOMSET>-1 )} NCE2 USETO, G0, KDJJ. ., /KINN, ., §
BQUIVX  KDNN/XDFF/NOESET §
IP { NOSSET>-1 ) SCB1 USBTO. KDNN. , . /KXDPP,,.,, §
BQUIVX KDFP/KDLL/NOGSET §
IF ( NOOSET>-1 )} THEN §
ROONL ST BE MAL
UPARTN  USETO,KDPP/KDLL., .KDOO/‘P'/ R° 10 §
PARAML  KDOO//'TRAILER'/5/8,N,ONOTNULL//E.N. NP §
BRROR 442) o> NONLINEAR ELEMENT ATTACHED TO OMITTED DOF
IP ( ONOTMULL>0 ) CALL BRAPM2 //SUBDKAP/4423 § RPERRN
ENDIF § NOOSET>-1
BQUIVX XDLL/KDDD/ALWAYS §
BQUIVX KDOD/KBOD/ALMAYS §
ENDIF § UMVPARS>-1
BOIF § LGDISP>-1
MOIF § XNT » -1 11/20/91

IF { NOQEETe-1 ) THEN ¢

ADDS XAA,XDLL. ., /MEAA//(3.0,0.0) §

BLER IF ( NOTSST=-1 ) THEN §

ADDS KLAM, KDLL, .. /MKAA//{3.0.0.0) §

BLSB §

ADDS FAA.KLAA, KDLL, , /MKAA//7{3.0,0.0) §

noIr §

$
IF { DOPM2X ) delete /pha. lama.phia, lamal, phoa §

delete /lamns. ... §
CALL NODEPSRS.

A2

!IR,USIT.DN.CASIS.DYMCS.M.HKM,W.SIU.IID.
BQBXINS ,VAPFS/
PHA. LAMA, PHFA, LAMAP . PHEA, LAMAS /
NOISIT/K)LSI’I‘/ASDOGINQASITININFASITINGASBTI
METH/MBTHP §

$

IF (METH>) AND NOSASBT>0) THEN §

IF { PE ) THEN ¢

XERGE PHSA. ., . .VAPS/PHSAF/L ¢
BLSE §
BQUIVX  PHSA/PHSAF/-1 $
ENDIP §
VDR CASES, EQEXINS, USET, PHSAF, LAMAS, , /OPMEA, /* REIG '/

*DIRECT’ /0/8,N,NOSVECT/1/1 §
IF { NOGVECT » -1 ) ore OPMEA//S.N,CARDNO §
$ SVECTOR OUTPUT POR RESIDUAL STRUCTURE ONLY
ENDIP $ METH>0 AND NOSASET>)
$

IP (MBTHF>0 AND NOPASET>0} THEN §
IF ( PS ) THEN ¢

MERGE «PHPA, ., VAFS/PMPAS/1 ¢
BLSE §
BQUIVX ~ PHFA/PHPAS/-1 §
ENDIF §
VDR CASES, BQEXINS. USET, PHFAS. LAMAP, , /OPHPA, /' REIG' /

"DIRBCT  /0/8.N.NOSVECT/1/1 §
IP ( NOSVECT > -1 } OPP OPHFA//S.N,CARDNG $
$ SVECTOR OUTPUT POR RESIDUAL STRUCTURE ONLY
BNDIP § XSTHP<>0 AND NOPASET>0
$
DELETR /BSTNL., .. §
DBLETE /MHH, BHH. KHH. PHIDH, PHDM/ §
CALL GMA  CASSS,MATPOOL. EQDYN, TPPOOL., . |, ,
MOOA . GOD, GMD, USETD. MKAA , BAA. K4DD, PHA, LAMA, DIT, VAPS,
PHEA, PHPA, LAMAS . AGG/
. .CHDD. CK2DD. CE2DD, MHH., BN, KHN , PHDH, YPRPS /
LUSETD/SOLTYP/APP/NOUR/NOA/G/0 . /U . /TRUB/
0/LMODES/LPRBQ/HFREQ/S, FMODE/KDAMP /FALSE/PALSE/FS H

DELETB /PPP.PSP.PDP.POL,PHP/ §
DELETE /UMVF,UHP.., $ AVOID OUTPUT TWICE
CALL MPHEQRS CASES.USETD. DLT, PRL. GMD, GOD, DIT, PHDH , KHH. BHK, NHH ,
TR
PPP. PSP, PDP. FOL, FHF . UNHP/
SOLTYP/APP/NOA/FALER/0./0./0./0 §

$
ENDIF § NOT (NOPH2)
$

PARAML,  UMF//‘PRBS'////5.N,NOUHP §
IP (NOUHPa-1) BXIT § IP NO SOLUTION TO PROCESE.
$
PARAML ~ PHFA//°TRAILBR'/1/6.N,NPBIG//S,N,NOPHPA §
PARAML ~ PHEA//°TRAILBR'/1/5.N.NEBIG//E,N.NOPHSA §
IF { NOPHPA=-1 ) THEN §
BQUIVX ~ UHF/UHPS/ALWAYS $
BLSE IP ( NOPHSAs-1 } TMEN §

BQUIVX  UHF/UHPPF/ALWAYS §

BLEE §

$ EXTRACT PLUID AND STRUCTURE SOLUTIONS
PARTN UMF. . VPHFS /UHPS, (MFP, , /1 §

ENDIF §

$
IF | NOPHSA>-1 ) CALL VDR1,
CASES, BQUYN, USETD. UHPS, POL. XYCDBS . , PSDL. DIT. //
APP/SOLTYP/S.CARDNO/S ,PPILE/ 'HSET * /PMDDR/PALSS ¢
$
IF ( NOPHFA>-1 ) CALL VDR1,
CASRE, BQDYN. USETD, UHFP, POL. XYCDRS, , PSDL, DIT, //
APP/SOLTYP/$.CARDNO/S . PPILE/ 'HSRT T /PMODR/PALSE $
$
IF { P} DDRMMa-1 §
IP { DDRMM>s0 ) APPL =
13

"MMRRIG ¢ 8

DELETE /POL1,PPF1.ULF. FSF1.UMF1 § AVOID OUTPUT TWICE
CALL MODACC CASES,POL.UNHP, PPP, PDP. PSP, PHDH.
USETD, CX2DD, CBIDD, CHDD, LLL, tae/
POLL, PPFL, ULF, PEFL. NP1/
APP/APPL1/NOUR/MODACC/SOLTYP/PALSE/ 'NO ' $
[
$ IP NUMBER OF PREQUENCIES POR FLUID, PLUIDWP, 1S -1 THKEN
$ COMPUTE PLUID MODAL PARTICIPATION POR ALL FREQUENCIRS
PARNNL POLL// TRAILERK' /1/8.N. NOPARQ $
IF ( PLUIDMP<0 OR PLUIDMP>NOPREG ) FLUIDMP=NOPFREQ §
IF { PLUTDMP>0 ) MESSACE //
* DMAP INPORMATION NERSEAGE 9053 (NLSENFREQ) - PLUID MODAL ‘ /
* PARTICIPATION IS REBQUESTED POR’/PLUIDMP/‘ PREQUENCIRS. $
$ IF NUMBER OF PREQUENCIRS POM STRUCTURE. STRUCTMP, IE -1 THEN
$ COMPUTE STRUCTURAL MODAL PARTICIPATION POR ALL PREQUENCIRS

IP ( STRUCTMP<O OR STRUCTMP>NOPREQ ) STRUCTIP=NOPREQ $

IF ( STRUCTMP>0 | WMBSSAGE //
© DVMAP INPONMATION MESSAGE 90531 (NLSEMPREQ) - STRUCTURAL AND LOAD" /
‘ MODAL PARTICIPATION IS REQUESTED POR’/STRUCTNP/* FREQUENCIRS. §

$

IF { STRUCTMP>0 OR PLUIDMP>0 OR PANELMP>0 ) THEN $

$ CONPUTE MODAL PARTICIPATION IP REQURSTED

$

PARAML  CASBS//‘DTI'/-1/161//8,N, YBSOG §

NOOG=LTOIL [MOTL (YREOG) ) §
IP ( MOOG>-1 } MATMOD BQEXING, UBBT.SILS, CASES . , /
0G. 7177/1/8. M. M00G §
SQUIVK  VAPE/GA/NOOG § °
SQUIVK  PHPA/PUPAL/NOOG §
1P { NOOC»>-1 ) THEN §
UPARTN  USET.OG/OR.../"G'/'A‘/'8'/% §
PARTN OM..VAPE/.OAP../1 §
PARTN PHPA. .OAP/ PHFAL,./1 §
RNOIF ¢



$

DELETE JUMPS UHPP., . §

IP ( NOPHFAs-1 ) TMEN §
BQUIVX  UHF1/UHPS/ALWAYS §

SLER IP ( NOPHSA=-1 ) THEN §

BQUIVX ~ UNF1/UHFP/ALWAYR $
BLER §
$ BXTRACT FLUID AND STRUCTURE GOLUTIONS
PARTN UKFL, ,VPHPS/UNPB, UNFP, /1 §
ENDIF §

s

IP ( STRUCTHP>Q } MODACC  CASES.POL,UMF.. PHP, /POLX, UHPX. . PHPL, /APP §
IF ( NOPHSAs-1 AND STRUCTMP>0 ) THEN §

§ RBSIDUAL MODES ARE ALL FLUID MODES

RQUIVX  WHH/MFHH/ALWAYS §
BQUIVX  KHH/KPHH/ALWAYE $
BQUIVX  BHM/BMMO{/ALWAYS §
BQUIVK  PHPL1/PPUP/ALWAYE §

BLER IF ( NOPHPA>-1 ) THEN $ -
$ RESIDUAL MODES ARR BOTH PLUID AND STRUCTURE MGDI
I { STRUCTWP>0 ) THEN § DO THIS ONCE ONLY IP REQUESTED
PARTN  JOO{, VPHPE, /. AM. MPMH § BXTRACT COUPLING AND FLUID MASS
PARTH  KHH.VPHPS./.. . KFMM §  BXTRACT PLUID STIPPNESS
PARTN  BHM.VPHPS./...BPHH §  BXTRACT PLUID DAMPING
PARTN  PHP1..VPHPS/.PPMF,./1 $ EXTRACT PLUID LOADS
BXDI?P § STRUCTWP>O
IF | PANELXP>-1 AND MPNFLG>0 ) THEN §
GPs BCTS. BGPDTS, BQRXINS, 0T, $ILS/
MPHSLT, KEQAST, MNRTAB/
MPNPLG/S. N, NUMPAN/E, N, NATCH §
IPANIL=1 $
DO WHMILE | IPANBL<sNUMPAN ) §

ACHG MPNSLT, BGPDTS. CETHE . SILS. RCTS. MEQAST . MNRTAB /
ABR/LUSETS /MPNFLG/NUMPAN/S, N, PANAME/ IPANEL/MATCH $
$ THE ABE MATRIX IS NEGATSD BELOW. BY 2ND PARAMETER OFf SMPYAD

MATREDU  ABK, USET. GN.GOA/ABEA/5. N. NOABE ¢

PARTN ABERA VAFS./, .ABEBSP. §

SMPYAD  PHPAL.ABESP, PMSA., . /ABEHX/3/-1///1/1 §

IF ( LMODRS»O0 AND LMODES<NSBIG ) THEN ¢
LMODEX=NSBIG-LMODES §

MATGEN . /LMODBS /6 /NSKIG/LMODES / LMODEX §
PARTN ABRHX, LMODES, /ABEH, .. /1 §

aLse
BQUIVX  ABBHX/ABBM/-1 §

ENDIP §

IPANEL=IPANEL+L $
ENDDG § IPANEL<sNUMPAN
BNDIP § PANELMP>-1 AND MPNPLG>0O
ENDIF §
$
IPANQel §
DO WHILE ( IPREQ«=PLUIDMP ) §
WATYOD  UMPP. ., ., /UMFPI,/1/IPREQ § EXTRACT A COLUMN {FREQUENCY)
PARAML  UMPPI//'NULL'////$.N,IUKPI §
IFRBQXe IFPREQe2 §
PARNG,  PCLL//'DTI'/0/IFRBQX/S.N.OPREQ $
IF { ZUNPI»>-1 AND OPRBQ>0. ) THEN §
MATHOD  UMPPI...../UHPPFD./28 § DIAGONALIZE COLUMN
MPYAD PHPAL UMPPD, /PMPP $ FLUID NODAL PARTICIPATION
MESSAGRE //° DOWAP INFORMATION MERSSACE 9054 (NLSEMFIRQ) - /
* PLUID MODAL PARTICIPATION PACTORS POR PREQUENCYs ' /OPRRQ/
© SHOWN BELOW IN MATRIX PLMODPF  §
$ IF NEEDED, EXPAND TO A-S$I2B 50 THAT MATCPR UNDRRSTANDS
BQUIVX  FMPF/PLMODPP /NOGASET §
IP { NOSASET»-1 ) MERCE < PMPP. ., OA/PLMODPR/Y §
MATGPR  GPLE,USET. SILS,PLNODPP// 'H'/‘A* §
BNDIP § ZUHPI>-1 OR OPRRQXD.
IFREQ=IPREQ+1 §
ENDDO $ 1PREQ<aFLUIDMP
$
IFREQ=l §
DO WHILE ( IPRBQ<»STRUCTMP ) §
MATWOD  UMPS, ... /UMPSI,/1/IFREQ $§ BXTRACT A COLUMN OF DISPLACEMENT
NATWOD  PPHP.,.../PPHPI./1/IFREQ § EXTRACT A COLUMN OF LOAD
PARAML  UMPSL//'NULL‘////8.N, 2UHPT §
IPRBQXIPRE)+2 § SET UP POINTER TO PREQUENCY LIST
PARNL  POLL//'DPI°/0/IFREQX/S, N, OFREQ $ EXTRACT INPUT PREQUENCY
IP { ZUMPI>-1 AND OPREQ>0. ) THRN §
MATHOD  UMPSI,.,,./UHFSD./28 § DIAGORALIZE COLUMN
MPYAD AH,UMPED, /A1l § MODAL COUPLING X DIACOMAL COLUMN
$ CONVERY PREQ TO COMPLEX ~OMEBGA**2
OMBGA2eCMPLX {~ ({2."PI(1)*OPREQ}**2)) ¢
ICHBGAeOMPLX (0., (2. °PI(1)*OPARQ) )} §
$ ~OMBGA®*2 (MASS) + 1¢OMBGA [DAMPING) o STIFFNESS
ADDS MO, BFHH, XPHN. . /22X/OMBGA2 /TOMBGA §
DECOMP  22X/L2L.22U//////8.N.SING § DECONPOSE ZIX
IP { SING>-1 } THEN § IP 22X IS NOT SINGULAR THEN PROCEED

COMPUTS STRUCTURAL PARTICIPATION
MESEAGE //' DMAP INPORMATION MESSAGE 9054 (NLSEMPRRQ) -/
* STRUCTURAL MODAL PARTICIPATION PACTORS POR FREQUENCYs'/
OPREQ/‘ SHOWN BELOW IN NATRIX STHOOPP' §
ns TIL.22U.AL/XSMPF § SOLVE POR PARTIAL PARTICIPATION
OMEGAI= -OMBGA2 § CONVENT OMEGA®*] ASOVE TO POSITIVE
ADDS PHPAL.. .. /W2PHPA/OMBGAZ § OMBGA**2 X PLUID MODES
KPYAD W2PHPA, XEXPP, /GMPP § STRUCTURAL MODAL PARTICIPATION
$ IP NEEDED, EXPAND TO A-SIZR 50 THAT MATCPR UNDERSTANDE
BQUIVX  SHPP/STNODPP /NOPASET $
IP ( NOPASET>-1 ) MERGS . 8PP, ., ,OR/STHODPP/L $
PRINT STMOOPF IN EXTEAMAL ORDER
MATGPR  GPLS.USBT. SILS . STHODPP// N/ A" §

COMPUTE PANEL PARTICIPATION

“nw

P ( MPNPLG»O AND PANSLMP>-1 ) THEN §
IPANELsL §

A3

DO WHILE ( IPANEL<aNUMPAN ) §

MPYAD AREH. UHPSD, /ALP §
res 22L,220.A1P/XPMPP §
MPYAD W2PHPA, XPHPF. /PMPP $ PANEL MODAL PARTICIPATION

IF NEEDED. EXPAND TO A-SIZB 50 THAT MATGPR UNDERSTANDE
BQUIVX  PMPF/PNLMODPP/NOFASET $
IP { NOPASET>-1 ) MERGE . .PMPP,,, . OA/PNLNODPF/1 §
PRINT PNLMODPF IN EXTERNAL ORDER
MESSAGE //° DMAP INFORMATION MESSAGE 9054 (NLSEMPARG) -°/
* PANBL MODAL PARTICIPATION PACTORS POR PANEL = °/
PANANE/‘ AT PREQUENCY ='/OFREQ/’ SHOWN BELOW IN°/
° MATRIX'/‘ PNLMODPF: §
MATGPR  GPLS.USBT,SILS.PNLMODPF//'M‘/'A°* §
IPANELsIPANBL+1 §
BNDDO § IPANEL<aNUWPAN
BNDIF § MPNPLG»>O AND PANELMP>-1

COMPUTE LOAD PARTICIPATION
NBSSAGE //° DMAP INFORMATION MESSAGE 9054 (NLSEWFREBQ} -/

* LOAD MODAL PARTICIPATION PACTORS FOR PREQUENCYs ' /OFREQ/
' SHOWN BELOW IN MATRIX LDMODPP‘ §

RS 22L.22U,PPHPI/XLMPF $ GET THE INTERMEDIATE VRCTOR
WPYAD PHPAL  XLMPP, /LMPP §

IP NERDED, BXPAND TO A-SIZB 50 THAT HATGPR UNDERSTANDS
BQUIVX  LMPF/LDMODPP/NOFASET $

1P ( NOPASET>-1 ) MERGE . LMPF, .,
PRINT LMODPP IN EXTERNAL ORDER
MATGPR  GPLS,USBT,.SILS.LDMODPP//'H‘/'A‘ §
ENDIP § SING>-1
BNDIF § ZUHPI>-1 OR OFREQ>0.
IFREQ=IPREQe] §

. OA/LDMODPP/1 §

ENDDO § IFRBQ<=STRUCTWP
ENDIF $ STRUCTMP>0 OR FLUIOMP>O
BNDIP § BXTRCVa(

PERPORM PHASE III OPERATIONS

BQUIVX POL1/POL2/DDRMM $
IF ( DDRMM>a0 } EQUIVX LAMA/POL2/ALWAYS ¢

$

DELETE /CASBDR, UPP.QPF. XYCDBDR,PUG 3

CALL SUPER)

CASBCC, LULP, FOL2, PPPL.PSPY,
CRX ,CASEBK1,QRG

» POLL. UNPL,DLT,

PCDB. XYCDB. POSTCDE, /MUGNI ,
UPF QPP ., CASEDR, XYCDEDR, PUG, , .
OUPP1.OPPPL. OQPF1, OFEF1.OPES1. OPEEL, ,
OUPP2.OPPP2,. OQPP2. OFRF2,OFBS2, OFEED, ,
veverdd
JCYCLIC/NLHBAT /ARRO
APP/APP1/RSONLY/PALSE /FALSE /FALSR/0/PS/
§,PPILE/E.CARDNO /0 /PALSE/RMSTRAIN/BETA /LMODES §
IP | MAXITER = -1} THEN §
ADD MUGNI, /2UZR13/(1.0.0.0) §$
BLSE IF { KNT = -1 ) THEN §
CONST1=COMPLX (BETA. 0.0} ¢
ADD WUGHNI, /ZUZR11/CONST1 §
BLSE §
ADD LUZRi4, MUGNI/DIP/(-1.0.0.0) $
NORM DIF/DIPN///8 N, XNORM §
NESSAGR //' ITERATION NO. (-lslinear}s ‘/KNT/‘
norm ZUZR14/ugnin///s.n, ugnisax §
nOIM mugni/sugnin///s.n.mugrnimax §
sage //'ugnimaxs ‘/ugnimax $
sage //'mugnimaxs ‘/eugnisax $
24w (UGN IMAX-MUGHIMAX} /HUGNIMAX $
IP ( ABS{ Z4 ) < ABSNORM ; KNTsMAXITER.1 §
MESSAGR //'ABSOLUTE NORM » /24 $
CONST1aCKPLX (BETA. 0.0) §
CONET2aCMPLX (1.0-BETA.0.0) §
ADD MUGNT, ZUZR14 /ZUZR13 /CONST1/CONST2 $
ENDIP §
DELETE /MUGNI. ... §
BQUIVX ZUZRL3I/MUGNI/ALWAYS §
BQUIVX NUGNT/ZUZR14/ALWAYS §
BQUIVX BGPDTS/ZUZR1IL/XNT §
KNTaKNT+1 §
@wiew mestnlsestnl (where lgdispel) $

XNORM= ° /XNORM §

ENDDO §
NLOOP=G § SET QUALIFIERR FOR PST AND DATA RECOVERY

oUTPUT2
IF ([ DYNSENs ' 'YRS"

OUTFUT2
SDR2

varod1~1712/LABELePDALARRL $
CASRDA, CSTHE. . . BQEXINS, , , POL2. BGPDTS, . . MUGNIL, , /
« +OUGVLIPAT, ., /APPL §
OUTPUTZ OUGVIPAT//0/12 §
veo d1-9/732 %
} THEN §

BQUIVK UPF/UPPDS / DORMN $
BQUIVX QPP /QPPDE /DORIM §
PURGEX /ULFDS. ., , /DDRMN ¢

IP ( DDRMM>-1 |} THEN §

DELETE /POLL  PPPL.PSFL, IHFLl, § AVOID OUTPUT TWICE
CALL MODACC CASES.POL,UMP. PPP, PDF. PSP, PHDH,
USETD...../
POLL. PPPL,ULFDS. PSFL, LHP1/
APP/APP/NOUB, - 1/BOLTYP/FALGR/ ‘YRS ° §
CALL SUPER3 CASBCC, . ULFDS.POLL1. PPPL1.PSPL, .,

POL1, LMP1, DLT, ..., . . PCDB, XYCDB, POSTCDS , /MUGNE,
UPPDE, QPPDE, CASEDR . XYCDRDAR. PUG. , ,
srrersaessreannriesad
APP/APP/REONLY /PALSE /PALSE /PALER/2/P5/
8.PPILR/S. CARDNO /0 /FALSR/RUMETRAIN/ BETA/LMODES §
nDIF § DDRNO-1
PUTSYS(1,109] § PORCE EXECUTION ON RESTART
CALL DYNSEN UFFDE,QPPDS. ICTS, SPTS, RST. BTT. DIT, MPTS . GPECT. CASES.
CSTHE, BQEXINS. POLL, . BGPDTS. PPPL, VRLEM, BDOMX . GBOMIS, SILE,
KDICT. KELN, USETD, GMD, GOD. PHDI, 10¢{, BHN, )08, ,



USRT. COAT. GM, KPS, KSS, , , DRQATN, DRJIND. GEOM3S . SLT,
XINIT, BQIDNO, PLIST2, PLIST3, CONSBL, DPLDXI, DXDKIT,
DTO$1, DTO8). DPTOG¢ . DSCREN. TABDEQ, DVP, VTN, DTR,
DEQCON, DEQPOS, DBSGRD, DRSCID, COORIN, DCLDXT, CaN//
SBID/G/NOUS/APP/SOLTYP/0. /0. /0 /WIHASS/

COUPMASS /K6ROT §

ENDIF § DYNSRN='YBE’
$

IPF ( DBDICT»=2 ) DBDIR //DBDRPRJ/DEDRVER/DBDROPT §

BND ¢ SDMELAR

A4



Appendix B Additional User Defined Parameters

PARAMETER | DEFAULT DESCRIPTION

NAME

ABSNORM 0.05 Absolute norm

BETA 0.5 Specilics control factor for converge enhancement.
Ranges from 0.0 to 1.0

KNT -1 Sets iteration counter

LGDISP -1 Selects large displacement eftects

LMODES 1 Requests the number of modes (uses with EIGRL
card selection)

MAXITER 5 Requests the maximum number of iterations

MAXNORM 1.0E-3 Defines converged rms displacement norm

RMSTRAIN —1 Requests the rms strains

XNORM 1.OE-3 Sets norm of rms displacements

Bl







Appendix C SUBDMAP SEDRCVR

SUBIMAP SEDRCVR UGVS. QG8, BGPDTS, BQEXING, CSTHE , CARBDR. NPT, DIT.
BTT.0LB1, PU1, BST. XYCDBDR, GROMIS, GEOM)S , POSTCDS,
BCTS, GPLS, KPTS . SILE, INDTA, KELM. KDICT, GPECT. VELEN,
PORCE, XYCDB, PG, PCDBDR, USRT, SLT. UKVF, OLBN, FGD, DLT,
PRL,SPSEL, DYNAXICS, CRX, QGEB, ORFNLX , ORSNLXX/
MUGNT , PUGY,

QUGV1, OPG1,QQC1. QEF1X, QRE1X.QSTR1, QGS1.
QUGVZ,QPG2,00C2.Q8F2. QES2. QSTR2.QGSZ.

QRS1K, QRE1G, QETRIN, QETR1G, BGPESTN, BGPSY, QNRGYL , QGPFRL/
GRDPNT/APP /APP1 /NOCOMPS /CURVPLOT /PPILE /NUMOUTL /
MAMOUTZ /DICERI /BIGER2 /NUMOUT/ BIGER /SRTOPT /LETRN/
SKTELTYP/CURV/OUTOPT/OG /NINTPTS/S1IN/S1G/S 1AM/
S1AG/DOPT/TINY /NOELOP /NOBLOP/ TABS /SBID/§1 /CARDNG /
PDRAMEG/ SCREPEC /REPRCTRA /RSPRINT/ TABID/ INRSL /GPFDR/
NLMEAT/ARRO/ ICYCLIC/PS/GROMU/LOADU /POSTU/
DRECDIAG/DBCPROG/POST/CP /DBCOVWRT/
OUNTT2/OTAPE2/0QG/OUG/OBP /OBS /ORR/OCHP /OGPS /
ORSR/OUNY /OGPP /OUCCORD/DESITER/RMETRAIN/BETA/
LoDEs $

TYPE DB BGPDP.HOSP1.ORF1, OEP1X, ORF2, ORPIY, ORS1,
OBS1G,ORS1N, OBS1X, ORS1X1, OBS1. ORS1Y. OGPPBL,
0GS1, 0GS3 . ONRGYL , OPC1, OPG2, 0QG1, OQG2.
0QG2Y,08TA1, OETR1C, OETRIN, OSTRZ, OFTRIY. OUGV],
OUGVZ, OUGV2Y, PG1,QBPL, SIP § SCRATCH

TYPR DB GEOMIS, PTELEN.KJJ § POR POSTs0 - DBC

TYPR DB PIC § CYCLIC STATICS - FOR GPFDR

TYPE PARN. ,I.N,CP, ICYCLIC,GEOMU. LOADU,POSTY $

TYPR PARN,,1,Y,.DBCDIAG. RMETRAIN §

TYPE PARN. RS, Y, PREPDB=1. §

TYPE PARM,NDDL . I.N.ACOUSTIC § ACOUETIC ELRMENT PLAG - SET IN SGPREPZ
TYPE PANX, NDDL,I.N,DBCPATH § DAsOGY PARAMETER TO PASS QUALIPISAS
TYPE DB, MELM,MDICT,LAMA § FOR POGTs-2

$ LOCAL PARANETEAS

TYPE PARN,.1.M,PPILB, SEID. CARDNO, RECORD, KH, NOXOUTs -1, DESITER §
TYPE PARN, ,CHARS,N,APP,APPL APPZ §

TYPE PARMM. ,LOGICAL, N, SORTZ, STATICS . GPPOR, MLMEAT. STATIG . ABRO. P8 §

$ USER PARAMETERS

TYPS PARM, ,1,Y,POST,GROPNT . NOELOP. NOELOP. CURVPLOT. S1AM. S1AG, LSTRN §
TYPS PARM, ,I.Y,CURV, NUMOUTL, NUMOUT2 . NUMCUT. SRTOPT. SKTELTYP §

TYPE PARM, . I.Y,NONSCETR, 51,51, 81G, OUTOPT, OG,. NINTPTS . DOPT. PDRMEG §
TYPE PARM. . 1.Y.REPRINT TABID §

TYPS PARM,  RS.Y,BIGEAL, BIGER2, BIGER. TINY, TABS §

$ USER PARANETERS APPLIED TO ALL ST AND RESOLVED IN SUPER1

TYPE PARM, . I.N.INREL $

$ USER PARGITERS RESOLVED IN SUPSR)

TYPE PARM, .1.N.SCRSPEC, REPECTRA, NOCOMPS §

TYPR PARM, .CS.N,ALPHA«(1.0.0.0) §

TYPE PARM. .CS.N.ALPHAL=(1.0,0.0) §

TYPR PANX, .AS.N.REDISL, FREQL $

TYPR PAXM, .RS.N,11.22.25 §

TYPR PARM, RS, Y BETA §

TYPE PARM, .I,Y,CON1,LMODES.I §

et te st ter ettt stessnitsersrrrestrststesttosrsctssssrrrissceiies

$ OUTPUTI CONTROLE

PAMAN, POST. -1, OUTPUTS THME APPROPIATE PILES POR
THR PDA/PATRAN MASPAT PROGRAN VERSI(N 2.0.

PAMAN, POST. -2, OUTPUTS TMB APPROPIATE PILRS POR
THE SORC/I-DEAS DATA LOADER PROGRAM VERSION 3.0.

%

$ THE OUTPUT2 DMAP INSTRUCTIONS IN THIS SUBDMAP HAVE BEEN SUPPLIED
$ AS A COURTESY TO PDA/PATRAN AND SDRC/I-DEAS USERS AND QUESTIONE
$ AS TO HOW IT INTERPACES WITH THRE PATRAAN OR 1-DEAS PROUAAM SHOULD
$ BB DIRECTED TO:

$

$ PATRAN USBRS COMTACT: I-DRAS USEBRS CONTACT:

$ esmaamea asememcevenan semmmcem— e .-

$ POA ENGINBERRING SDRC

H 2975 REDHILL AVE. 2000 BASTMAN DR.

$ COSTA MEEA. CA 91626 NILPORD, OM 45150

4

$

$

$

$

$

s

TYPE PANN, ,CHARS, ¥, 0QG, OUG, ORF, OBS . OSE. OCWP, OGPS . 085S §
TYPE PARN, ,CHARS. ¢, OUMJ, OGPP, QUGCORD §

TYPE PARN..I.Y,OUNITZ,OMAXR §

TYPE PANN. .I. N OTAPEZ §

FILE PEDF=SAVE, OVI/RT §

%

$
STATICSs (APP<° STATICS' OR APPa’NLET’ OR
{APPe 'CYC* AND APPla'STATICE')) §

$
PARAL  SILE// TRAILER'/1/8.M.NSILS §
PARNG, SILE// TRAILER'/3/8.N.LUSETS $
IP { NOT(STATICE OR NLHEAT) AND (NEILS*6)<>LUSETS ) THMEN §
PLTTRAN  BGPUTS, SILS/BGPDP.SIP/LUSETS/S. M. LUSEP §
B §
QUIVE BCPDTE/BCPDP/ALMAYS ¢

BQUIVR SILS/SIP/ALWAYE §
LUSRP=LUSETS §
noIr §

$
IF ( APP=‘STATICES ° AND NOT(NLHEAT} OR
(APP='REIC * AND APPl<>’ BLL *)) THEN §

VECPLOT QGE.BSPDP. BQBXINS, CETNS . CASEDAR, /QGSUM/GRDINT/0/1/
‘SPCPORCE” §
QGE . SGPDP, BOEXINS, CSTME, CASRDR, /QGB/ /0/5/ ' MAXTMUN® /
‘SPCFORCR* /'8’ §
UGVE, BGPDP . BORXING . CE'TNE . CASBDR. /UGVE/ /075 / " MAXIMUN'" /
‘DISPLACE' /' MENTS" §

VECPHLOT

vcrot

Cl1

IP { APPs 'STATICS ° AND NOT(NLHEAT) ) VECPLOT.
PJL1.BGPUP, BORXINS, CETHS . CASEDR, /RIB/ /0/5/ "MAXIMUN' /
“APPLIBD’ /‘LOADE" §
noIr §

s
IP { SCRSPEC>-1 ) RSTURN §
$

BQUIVX UGVE/ZUZA19/ALWAYS $
BQUIVX UGVS/ZUZRIC/ALWAYS §

MATHOD UGYS...../2U2R18./1/1 §
DELETS /ZUZR1S,ZUZR20.,. §
25:0.0 §
I=1 §

$ EXTRACT THE N-TH MODR (CONTROLLED BY VARIABLE I}
$ SO WR CAN HAVE THE SEPERATE RME VALUES POR BACH MODB
$ TOTAL RME DISPLACEMENT IS IN 25
DO WNILE (I<=LMODES) $
MBSEAGE //°THIS I8 MODB 8 /I §
PARML  UGVS// TRAILER’/1/5,.N,NOCOLS $ NOCOLS'S IN UGVS
wessage //'LMODESe ' /LMODBS/'no. of columnss °/NOCOLS $

MATGEN ., /C/1/NOCOLS §

WATMOD €, /CL /TS

MATGEN , /A/7/1/NOCOLE § .
MATMOD A...../B./12/5.N.NULLS/V. Y, NIMsl §

ADD B,C1/D/(1.0,0.0)/(-1.0,0.0) §
KATWOD  UGVS. ...,/ UGVEXYI, /1/1 §
MERGE UGVSXYL,...D,/UGVSX/1 §
delete /ugvs.... $
equivX ugvex/ugve/always §
SDR2 CASEDR, CSTMS . MNPTS, DIT. BOBXINS , . ETT, OLBL . BGPDP,
PJL,QGE,UGVS , BST , XYCDBOR/
OPG1, 0QG1, OUGV]. OBS1, OBPL, PUGV /APP1/S. N, NOBORTZ /
NOCOMPS // / //ACOUT/PREFDB § SORT1 OLOADS. SPCPORCES.,
14 NOCOMPS / /ACOUT/PREPDB § SORT1 OLOADS. SPCPORCES.
$ DISPLACEMENTS. ELEMENT STRESEES AND FORCES. PLOT VECTORS
SDR2 CASEDR. CSTMS  MPTS. DIT. BORXING, , BTT,OLB1, BGPDP,
PJ1.QGSE, UGVE, BST
/..,08TM1, ./
APP1/S,N,NOSTR2/3/////ACOUT/PREFDS $ SORT1 SLEMENT STRAING
H APP1/$,N.NOSTR2/3/ /ACOUT/PREFDE § SORT1 ELEMENT STRAINS
IF { APP» PREQRESP’ AND NOT(ABRC) AND ACOUSTIC>U ) SDR2.
CASEDR, CSTMS , MPTS, , BOEXINS, . . OLB1, BGPDP. . . UGVS, BST./
. OUGLP., ./
APP///ACOUSTIC////ACOUT /PREFDB § SORT1 ACOUSTIC PRBSSURE OUTFUT
$ APP// /ACOUSTIC /ACOUT/PREPDE § SORT1 ACOUSTIC PRESSURER OUTPUT

BQUIVE  OPCL/QPGLl/ALWAYS §
BQUIVX  OQG1/QQGL/ALWAYE $
BQUIVX  OUGV1/QUGVLI/ALWAYS <
SQUIVX  OFTRI/QSTRI/ALWAYS §
$

IP ( MPCPs YRS' AND STATICS ) THEN $

ADDS PJ1.QGE.,./PQ S

HPYAD KJJ.UGVS, PQ/QGM/ //-1 §

SDR2 CASEDR, CSTHS . MPTS, DIT, BQBXING. . RTT.OLB1, BGPDP,
QGM, .BST./

LOQGM, . .. /APPL/S. N, NP/NOCOMPS §

WEBSAGR //' ‘7
'MULTIPOINT FORCES OF ‘!
'CONSTRAINT S

ore oeN/ ! §

BNDIP ¢

$
§ OLD DMAP -~ IF PIXNEDB < 0 TMEN STORE PUGV??
$ SQUIV PUGY WILL PULL PATH TO PUGVE WITH PATH SBGEOM

$

IF | POST<0 AND OQGs 'YRS' )} THRN §

[ A0 OUTPUT2 OQG1//OTAPE2 /OUNITI//OMAXR §
OTAPEI=O0 §

now §

$
IP { POSTs-2 AND STATICS AND NOT(ARRO) AND
GETSYS(MNN.56)<>0 ) SDRI.
CASEDR, CSTMS , NPTS, DIT, BQEXINS., . FTT,OLB1. BGPDP,
PJ1.QGE.UGVE, BST . XYCDBDR/
.. TOUGVL, . ./APP1/8. N, NOBORT2/MOCOMPE §
$
IP ( POST<O AND OUGe YRS’ | THBN §
IP { POETe-2 AND STATICS AND NOT(ARRG) AND
GETSYS (NH, 56)<>0 ) THEN $
OUTPUT2 TOUGVL//OTAPEZ/OUNITZ//OMAXR $
BLER IF { OUGCOAD= 'BASIC' )} THEN $
VEICPLOT UGVS, BGPOP.EBQEXING, CETHE, CASEDR, /UNES//0/1 §
IP ( POSTa-1 ) THEN §
SDR2 CASEDR, CETHS , , . BQEXINS. .. OLB1. BGPDTS, , , UGVED, ./
. OUGVLPAT,. . /APP1 §
OUTPUTZ  OUGVIPAT//OTAPRI/QUNITZ//CMAXR &
BLEE IF ( POSTs-2 | THEM ¢
IF ( APPle"REIG' ) THEN §
BDR2 CASEDR, CETMS . . . BQEXINS. , , OLD1, BGPDTS, . . UCVED, ./
. +BOPRIG. . . /APPL §
QUTPUTI BOPHIG/ /OTAPE2/OUNITZ//OMAXR §
;> ] 31
SDR2

CASEDR, CSTHE. , . BQEXINS. ., OLBL, BGPDTS. . . UGVES. , /
. .BOUGVL. . . /APPL §
QUTPUTZ  BOUGV1/ /OTAPE2 /OUNIT2//CMAXR §
noIr ¢
POIF §
usE ¢
'
DOIF §
OTAPE2e0 §

OUGVL//OTAPR2/OUNITI/ /OMAXR §



ENDIF §

$

IF { POET<O AND OBRSe " YBS' )} THEN §

$** OUTPUT2 ORE1//OTAPB2/0UNIT2//OMAXR $

OTAPRIa0 $

ENDIP §

$

IF { ({STATICS AND NOT(ABRO}) OR NLHEAT) AND
(CETSYS {NH, 56) <>0) AND SEID=O ) THEN ¢

SDRHT SILS,USBT .UGVS,ORPL, SLT.8ST ., DIT.QGE, DLT. /HOBPF1/
TABE/O §
DELETS /08FL..., §
BQUIVX  HOBF1/OBPLI/ALWAYS §
BQUIVX  HORF1/QBPL/ALWAYS §
BNDIF §

$
IF { OBF=‘YS&‘ ) THEN §
IF { POST»-2 AND STATICS AND NOT (ARRO} AND
GETSYS (MK, S6)«>0 } THEN §
OUTPUT2Z HOBP1//O0TAPB2/OUNITZ2//OMAXR §
OTAPR2=0 §
BLSE 1P { POST«O0 ) THEN §
OUTPUTZ OBF1//OTAPEI/OUNITI//OMAXR §
OTAPR1=0 §
ENDIP §
ENDIP §
$
IF { POET<0 AND OBE= YBS' ) THAN §
§**  OUTPUT? OFTR1//OTAPENI/OUNIT2//OMAXR §
OTAPR2=) §
ENDIP §
H
IF ( APP='NLST' AND SRID«O ) THBN §
MERGEOFP OBF1, OEPNLXX/ORPLIX §
MERGEOFP OBS1.OBSNLXX/OBS1X §
BLSE §
IP { STATICS OR APPs’REIC ) THEN §
SDRX CASEDR, ORF1, OR51.GEOMIS . GEOK3 £, BET. CSTMS, MPTS . DIT/
ORP1X,0851X/85, N, NOXOUT §
BLSS IF { APPlc> MMREBIG’ ) THEN $
SDRXD CASEDR, ORP1, OBS1.GROM2S . GBOM3IE, R5T.CSTHE .
WPTS, DIT, UGVS, DLT. OLB1/
OEF1X,.OBS1X/S.N, NOXOUT/APP/COUFPMASS §

gen

BNDIF §
RQUIVX ORF1/0BFLX/NOXOUT $
BQUIVX ORE1/08E81X/NOXOUT $
BNDIF § APP« NLET‘ AMD SRIDw0
$
BQUIVX
BQUIVK
$
STATNHa (STATICS AND NOT(NLHEAT)} $
IF { APPl<>"MMRBIG' AND (STATMNH OR
{APPw'REIG’ AND APPl<>'BKL1'| OR APP=’ TRANRRSP')
PARANL  POSTCLS//'PREBEENCE ////8.N, NOPORT §
IP ( NOPOST » -1 } THEN § § GRID POINT STREES PACTORS
PLTSET  POSTCDB. BQEXINS. BCTS/PLTP. PLTPARP. CPSBTP. BLEETP/
B.N . NSILS §
GPSTR1 POSTCDB, BGPOTS . BCTS , CSTMS . BLSRTP, SPTS. BQEXINS/BCPSP ¢
$ BGPSF - BLEMENT TO GRID POINT SURPACE PACTORE
BNDIF § GRID POINT STRESS FACTORS
PARAML  BGPSP// 'PRESENCR'////8. N.NOBGPSF §
PARAML  OBSL1X//'PRESENCE////S,N.NOORS1 §
IP ( NOBGPSP>-1 AND NOOKS1»-1 )} THEN §

OBFLIX/QRFLX/ALWAYS §
OBS1X/QBE1X/ALWAYE §

) THBN §

$ SORT1 GRID POINT STRESSES
GPSTR2  CASBDA. BGPSP.GPLS, OBS1X/OUS1, BGPSTR/ //APP §
BQUIVX  OGE1/QGE1/ALWAYS §
$
$ MBSH BAROR ANALYSIS - LINEAR STATIC ANALYSIS ONLY
PARAML  BGPSTR//’'PRESENCR' /// /5.8, NORGPSTR §
IP { NORGPSTR»-1 AND STATICS AND NOT(APPs’ NLST'} } STDCON.
CASEDR, BCPSP, BQEXINSG, OBS1X, BGPSTR, BCTS/
N ORDE1,0GDEY, RLICT, GPOCT/
B.N.NOBDE1 /6. N, NOGDEL /6. N, NORDT1 /S, N, NOCDTL /APP $
$
IP ( POSTu-1 AND OGPSs'YEBS' ) THEM §
g QUTPUT2 OGE1//OTAPRI/OUNIT2//OMANR §
OTAPR220 §
ENDIP §
SNDIP § NOBGPEF>-1 AND NOORS1»-1
ENDIF §
$

SORTI =MOT {ANDL {NOSORT2. NOSTR2}) $
$ IP PLUID/B MODEL AND P Y .
§ DO SORTI BVEN THOUGH DDRMMs-1.
$ BUT DO NOT PERPONK MATRIX WETHOD DATA ASCOVERY (DO}
IP ( APP1="NOBIG ‘' OR
({CURVPLOT=-1 AND {BORT2 OR (PS AND APPe 'PREQRRSP'))) ) THEN $ SOMT2

2DR3 OUGY1.OPG1,0QG1. OBP1X.OBE1X, OSTR /
OUGV2,0PG2.0QG2. ORF2. ONS2.OSTR2 § SORTZ OUTPUT
SDR3 ouGaP..,../0UG2P..... §

IP ( STATMH OR APP»’'REIG * on
{APP= 'TRANREST ' AND NOT (NLMBAT)) |} SDR.
0GS1,0GDE1,0BDE1, , . /0G82,. OCDE2, 08082, .. §
1P ( APPls MMREIC * )} THEN §

IF (SRID=0)} THEN §
DELETR /OPGL.OPG2.../ § FPNON SDR2 ABOVE
SoRm2 CASEDR, ., , BOEXINS. . . OLBM. . PGD. ., . KYCDBDR/
JIRPP §
SDRd LJOPG,, ... 1§
BNDIP §
DORe CASEDA. UMVE. OLEM, OUGVZ, 0QG2 . OB62 . ORP2. XYCDBDR/

OUGVIY, 00G2Y,.ORS2Y, ORP2Y./ §

BQUIVX  OUGVIY/OUGVZ/ALMWAYS §
BQUIVX  OQGIY/OQG2/ALWAYS §
BQUIVX  ORS2Y/ORE2/ALWAYS §

C2

BQUIVX  OEP2Y/OEF2/ALWAYS §
DDRMM CASEDR, UHVF, OLEN. . , OSTR2, , XYCDBUR/, . O6TRIY. , //3 §
BQUIVX  OSTR2Y/OETRI/ALWAYS §

ENDIP § APPls’'MMREBIC

BQUIVX  OPGZ/QPG2/ALWAYS §
BQUIVE  OQG2/QQG2/ALWAYS $
BQUIVX  QUGV2/QUGYI/ALWAYS §
BQUIVX  OBS2/QRS2/ALWAYS §
8QUIVE  OBP2/QBP2/ALWAYS §
BQUIVX ~ OSTRI/QSTRI/ALWAYS §
BQUIVK  OGE2/QGS2/ALWAYE $
$
IP {RMSTRAIN=2} THEBN §
OFP OUGV2,0PG2,0QG2, OBP2. OB52,OSTR2/ /5, N,CARDNO $
orp OGDS2 ,0BDS 2, OUG2P/ /S, N, CARDNO §
ENDIF §
$

IF ( STATNH OR APP='REIG  ‘ OR
{APP= TRANRASP® AMD NOT INLHEAT)) ) OFP OGS2//5.N.CARDNO §
XYTRAN  XYCDBOR,OPG2,0QG2, OUGV2, OES2, OBP2/XYPLTT/APP/ ' PSET" /
8,N.PFILE/S.N.CARDNO/S, N, NOXYP §
IF ( NOXYP >=0 } XYPLOT XYPLTT// §

IP ( RSPBCTRA>=0 ) THEN
$ SKIP IF NONLINBAR ANALYSIS
RBCORD=0 § INITIALIZE
DO WHILE ( RECORD<>-1 |} $
RSPEC PRL.OUGVZ, SPSBL/OXRESP/S. N, RECORD §
IP ( RECORD>=0 ) THEN §
IF ( RSPRINT>20 ) OPP OXRESP//E,N,CARDNO §
KYTRAN  XYCDBOR,OXRBSP, .., /XYPLTSE/ ‘REPEC’ /' PSET'/
S.N.PFILB/S.N, CARDNO/&, N, NOXYPLT /TABID §
IF ( NOXYPLT>=0 ) XYPLOT XYPLTSS// §
ENDIF §
ENDDC § RECORD<>-1

BLER IP { APP =
DPD

*FREQRRSP* ) THEN ¢ RSPECTRA»s0
DYNAMICS, GPLS, SILS, USET. ./
XGPL. XSIL, XUSET. ., MPSOL. ..., XBQDYN/
~1/DUM2/G/0/S. N, NOPSDL/0/0/ o/ 1
$ DYNSTAT /NEWDYN
IP ( NOPSDL > -1 ) THEN
$ DELETR /PSDP AUTO. ., ¢
IF | RMETRAIN = 1) THEN

7123/DU010 §

§ wartpen WPSOL,ORPZ // §
$ macprn KYCDBOR, MPSDL. OUGV2, OBP2,CASEDR 7/ §
RANDOM XYCDBDR, DIT. MPSDL, OUGV2,0PG2, 0QG2, O6TR2 , OBP 2, CASEDR/
PSDP. AUTO/S, N, NORAND
PARAML  OSTR2//‘'PREBSENCB'////5,8.NOOETR2 $
MESSAGR //'OSTR2(09-14-92)= ‘/NOOSTR2 $
H OUTPUT2 ..,,//-1/12/LAREL«PDALABEL %
H OUTPUTZ OSTRL//0/12 §
$ OUTPUTZ ....//-9/12 %
BLSE §
RANDOM XYCDBDR. DIT. HPSDL. OUGV2, OPG2, 0QG2, ORE2, ORP2, CASBIR/
PSDFP,AUTO/S.N. NORARD §
BNDIF §
IP { NORAND > -1 ) THEN ¢
XYTRAN XYCDBDR. PSDP,AUTO, .,/
XYPLTRS/
‘RAND '/ 'PSET'/8,N, PFILE/S,N.CARDNO/S N, NOXYPLT %
IF { NOXYPLT » -1 ) XYPLOT XYPLTRE// §
BNDIP §
ENDIF §
ENDIP § ELSE IP APP=PREQRESP
¢
IF ( POST«0 ) THEN $
DBC OPG2.0UGV2,0BFZ. OBS2, 0QG2, GPLS, BGPSTR, AGPS? , GPDCT,
BLDCT, ., ....... 8l
‘OPG*/'OUG*/*OBP"/'ORS"/'0QG'/‘GPL'/ 'GPS"' /' SVP* /'GPICT" /
‘BLOCT 1111010180100
~1/DBCPATH/S . N, CP/APPL/ ICYCLIC/GBOMY/LOADU/ POSTU/
DBCDIMG /DBCPROG/ DBCOVWRT /DESITER $
oac OFTRI. ....ovvvnunnnrern bl
TORS LI IIEIEREIEIELILY Y
- 1/DBCPATH/S.N. CP/APP1/ ICYCLIC /GBOMI/LOADU/POSTU/
DBCDIAG/DBCPROG/ DBCOVWRT/DESITER §
bac OUGAF. ... vcovrrans
‘OB SILEIIIEEIEELE]
~=1/DBCPATH/S. N, CP/APP1/ ICYCLIC /GROMU /LOAIRI/ POSTU/
DBCDIAG 'DBCPROG/DBCOVWRT/DRSITER §
ENDIP § POSTeO
$
$ SCALSD SPECTRA RESPONSE NOT INCLUDED HERX
$
BLSE § APPle 'MMRBIG * OR ((CURVPLOTe-1 OR P8) AND SORTZ}
ore QUGV1,0PG1,0QG1, OBPLX, OSTRL/ /&, N,CARDNO $
ore OGDE1,0BDE 1, QUGLF/ /5. N, CARDNO §
IF { NOT(STATICS OR APPs’REIG ‘) ) OFP  OBSLX//6.N.CARDNO §
IF { STATICS OR APP= RBIC ‘ OR

APP= TRANRESP’ ) OFP  OGS1//8.N,CARDNO §
{ STATICS OR APPa'RRIC } THEN §
{ NOCOMPE »= 0 )} THEN ¢ NOCOMPS »>s 0 COMPOSITE PLY STRESS
SDR2 CASEDR. CETHS, XPTS, DIT. BQEXING, . BTT, OLBL . BGPDP,
PJ1.QGE, UGVS ., BST, XYCDBOR/
.., OBSIA. . /"STATICE */5,N,NOG/3 §
CASEDR, MPTS , BPTS. ITT, 85T, OBS1A, OKP1. DIT/
BS1C.RFIT. /LETRN §
881C, /OBS1C/MMOUTE /BIGERL §
STREORT BPFIT. /ORFIT/NUMOUT2/BIGER2 §
orr ORS1C,ORPIT., . //E.N,CARING §
IP ( POSTs-2 AND OCOMNPs YRS‘)} TMEN §
MATOD 0881C...../08TRIC./1) §
OUTPUT2 OBS1C,ORFIT//OTAPEZ/OUNITI/ /OMAXA §
OTAPR2e0 §
BDDIF §

ir
pe g

SDRCOMP

STRSONY



BMDIF § NOCOMPS >= 0 COMPOSITN PLY STRESS

BQUIVX OBS1X/0881X1/83 §
I? ( 81 »>s 0 ) STREORT OBS1X.INDTA/OBS1X1/NUMOUT/BIGER/
SKTOPT/SRTELTYP § BLEMENT STRESS SORTING
orr ORE1X1//8.N.CARDNO § § PRINT ELDMANT STRESSES
PARMML  FORCE// 'PAESENCE'////8,N.NOPORCE $
IFP { NOMBGETR »= O AND NOPORCE >s 0 ) MSGSTRES PORCE.ORS1X/
/8,4, PPILE/NOMSCSTR $

IP { CURY > 0 ) THEN $ STRESS/STRAIN TRANSFOKMATION TO GRID POINTS
OR NATL COORD SYSTEM
SEE RP24DAC IN UN ).5 FOR PARAMRTER EXPLANATION
cumv OBS1X. MPTS CETME. BST . S8ILE.GPLS /ORS1N, ORS1G/OUTOPT/
OG/NINTPTS §
BQUIVX ORSIM/QREIN/ALWAYS §
BQUIVX  ORBIG/QRS1G/ALWAYS §
IP [ BIX >= 0 } THEN §
STASORT OS5 1M, INDTA/OE51X1 /NUMOUT /BIGRR/ SRTOPT/SRTELTYP §
orr ORSINM1//$.N.CARDNO § PAINT STRESSES IN MATL COORND SYS
;|NDIr ¢
IP ( 831G >= 0 ) THEN §
STREORT OES1G. INDTA/OEE1G1/NUMOUT/BIGER/SRTOPT/SRTRLTYP §
orr ORS1G1//8.M.CARDNO § PRINT STRASSBS AT GRID POINTS
BNDIP §
DIAGON{23) §
Cumv OSTRL . XPTE.CSTMS . BST , SILE.GPLS /OSTRIM, OSTRLG/OUTOPT/
OG/NINTPTS ¢ STRAINS .
DIAGOPP(2)) §
QUIVX OETRIN/QETRIM/ALWAYS $
BQUIVE  OSTRIG/QETRIG/ALWAYS $
IP { BIAM > 0 ) OFP OFTRIN//S.N.CARDMO $ PRINT GTRAING IN
$ MATL COORD SYE
IF ( S1AG »» 0 ) OPP OFTRIG//S.N,CARDNO ; PRINT STRAINS AT
s GRID POINTS
PDIF § STRESS/STRAIN TRANSPORMATION TO GRID POINTS OR MATL COORD SY

PARAML  XYCDB//'PRESENCE'////8.N,NOXYCDS $
IF ( NOKYCD® >e O | THEN §

CURVPLOT BQEXING.BGPDTY,OLB1. XYCDBDR,OPGL,OQGL, OUGVL . OBS1G. /
OPGIX.0QG2X, QUGIX. OES2X. /DOPT $
KYCDBDR, OPCIX, OQGZK. OUG2X . ORS 2K, /XYPLTS /' SBT1' /' PSET '/
$.N,PPILE/S. N, CARDNO/E. N, NOXYP §

IP { NOXYP >« 0 ) XYPLOT XYPLTS// $
BMDIP § CURVPLOT

XYTRAN

IP { GPFOR |} THEN § GRID POINT PORCE
IP ( APP='CYC' AND APPLle'STATICS' |
BQUIVE  PIC/PGL/ALVAYS §
BLESE §
BQUIVX  PJ1/PGL/ALWAYS §
noIr §
APP2=APPL §
IF { APP NLST' | APP2e'STATICS' §
GPFOR CASSDR, UGVS, KBLX. XDICT. 5CTS . BOEXINS. CPECT. PC1, (GS,
SGPOTS. SILS. CETHS . VELEM, PTELEN/
ONRGY1. OGPPBL/APPI/TINY §
ONRGY1/QNRGY1/ALWAYS §
OGPPBL/QGPFBL/ALWAYS §
OMRGY1.OGPIBL/ /8. N.CARDNO §

THEN ¢

BQUIVX
BQUIVX
orr

IF { POST<0 ) THEN §
IP { POST=~1 AND OGPPs'YRE' ) THEN §
OUTPUT2Z OGPPBL//OTAPEL/OUNIT2//OMAXR $
OTAPE2:0 §
ENDIF §
IF { ORER="YEE' ) THEN §
OUTPUTZ OMRGY1//OTAPE2 /OUNITZ//OMAXR §
OTAPRI=0 §
ENDLY §
IP { POST=-2 AND OUMUa ‘YEE' AND APPa’'REIG" ) THEN §
crroR CASEDR, UGVS. MELN, XDICT, BCTE , BQRXINS. GPECT. PGL, QGS,
BGPDTS. SILS. CETNS, VELENM. /
OMRGYZ, OGPPBI/APPL/TINY §
DIVIEW  XLAMASLAMA (WHERE WILDCARD=TRMUE) $
OUTPUTZ  XLAJA.ONRGYZ//OTAPSI/OUNITZ//OMAXR §
OTAPE2=0 §
neIr §
DDIP §
IP ( NORLOP »a O O NOELOP >o 0 ) THEN §
OGPFBL.GPECT .CEST™MS. SILS. GPLE . BGPDTS /OSLOP1 . OBLOPY/
NOSLOP/MOBLOP §
ONLOF1. OBLOPL/ /8. N, CARDNO §
SLEMENT ALIGNED GRID POINT FORCE

STATICS OR APP»‘MIIG ‘

OFGL.QUGV1.ORPLX, OBS1X. 0QG] .GPLE . BGPSTR, BGPSP . SPOCT, BLOCT.
OMRGYL. OGPPFEL veesad

‘OPG’/TOUG” S /°0BR"/°OQG" /"GPL'/'GPE" /) SVP'/

*GPDCT /" BLDCT’ /*ORSR' / OCPP /11 11121)

~1/DBCPATH/B . N.CP/APP1/ ICYCLIC/GROM) /LOADU/ POSTU/
PBCDIAG/DSCPROG/ DOCOVWRT/DESITER §
OFTIL......ovnvnvrnvnnnsll

‘ORSILIIIIIINIINIRIIEILE

~1/DBCPATH/S . N, CP/APP1/ ICYCLIC /GROMI /LOADU/ POSTU /

a

DBCDIAG/DBCPROG/ DBCOVWRT/DREITER ¢

oES1C..... ieasd?

11111101
~1/DOCPATH/S. N.CP/APPL/ ICYCLIC /GBOMU /LOADU/ POSTU /
DBCDIAG/DBCPROG/DBCOVWRT/DESITER §

L2t P 1

QUG LLIIIIIITIEIIILIIIEE

~1/DBCPATH/S . N, CP/APPL/ ICYCLIC/GEBOMU/LOADU/POSTU/
DBCDIAG /DBCPROG/ DBCOVWRT/DRSTTER §

DBRC

bec

ENDIF ¢

$
ENDIF § APPls 'MMARIC ' OR (CURVPLOT=-1 AND GORT2}
$
paresl psdf//'dti‘/1/8/m.n. rusdiel ¢
T5+23+RMEDISL §
sessags //'rasdisle ‘/rmsdisl/ TS« '/25 §
parmml pedf//'dei’/1/5//3.n.nodenc §
sessage //’'nodeS: ' /nodeno $
NODENO=NODENO/10 §
CON1=NODENO'6 - 3 §
norm UGVSXYI/UGVENORM///s.n.ugvamax $
parasl ugvsnora//‘dmi'/1/CON1/s. n.nodedis ¢
wessage //'nodeno conl nodediss’/nodenc/conl/nodedis §
IF ( NCORDIS=0.000 ) THEN §
MESSAGE //' FATAL MESSAGR FROM THR MODIFIED DWAP:/
* THR GRID POINT ' /NODENO/‘' HAS IBRO RMS DIS., '/
* PLBASE CHOOEE ANOTHER POINT IN THE “XYPLOT*'/
© OR “XYPRINT . §
EXIT §
ENDIP §
$ rmusdislermsdisl/nodedis §
masdislernsdisl/abe (nodedis) §
paraal pedf// di*/1/%/9.n, freql $
wessage //'trequencys ‘/fregql $
ALPHALaCHPLX (-FREQL.C.0) §
mespage //'rmadisls ‘/rwsdiel ¢
ALPHA »CMPLX (RMSDIS1.0.0) $
DRLETS /P.,,.
ADD UGYSNORM, ZU2R18/P/ALFHA ¢
BQUIVX P/IUZRIS/ALMAYS ¢
NORN UGVSX/UGVEXNORM///3.n. ugvaxmax $
DELETR /2.... §
ADD UGVSXNORNM. ZUZR20/Z/ALPHA §
OELETE /2UZR20.... §
BQUIVK 2/ZUZRIQ/ALWAYS ¢
Islel §
BQUIVX ZULR1D/UCVE/ALWAYS §
BNDDO § I<sLMODES $
$ RMEDIS1=28 §
NESSACE //°THB RMS DIS. AT POINT
* WITH TOTAL OF ‘ /LMODRS/*
DELETE /WUGNI. ... §
oquivx suxrl®/augni/always $

' /NOUENG/ *© IE
NODES' §

/28

This is for separate modes
" equivx zTuTr20/mugni/always §
PIND LARGEST POSITIVE AND SMALLEST (NBGATIVE} TERME IN MATRICES

INPUT MATRIX 1S ZULRO)

Nnnunannn

BQUIVX MUGNI/IUZRO}/ALWAYS §
DIAGOMAL ZUZROJI/ABE/ WHOLE' /1. §
ADD ABS, ZUZRO)/POSITIVE/(.5.0.)/1.%.0.) ¢ RENOVE NEGATIVES
MATHOD POSITIVE...../MAX./7 § MAXIMUN VALUES
ADD ABE.ZUZR0OJ/NBGATIVE/[.5.0.)/7(~.5,0.) $ REMOVE POSITIVEE
MATHOD NSCATIVE.,.,./MIN,/7 § MINDILM
ADD MIN, /MINN/{-1..0.) §
norm MAX/outmax///s.n.localmax §
norm HINN/outmin///s.n.localmin §
aessage //'localsaxs ‘/localmsax/'
IP { LOCALMIN » LOCALMAX] THEMN §
ADD ZULRO), /TU2R04/(-1.0,0.0) §
BLS8 §
ADD IUZROI, /ZUZRO4/(+1.0.0.0) §
SNDIF ¢

localmina ' /localmin §

BQUIVX ZUTRO4 /MUGNI /ALWAYS $
DELETE /IULAGL,... §
norw ZUTRIS/DIMMY// /3.0, . mandis §
NREEAGE //'THE MAL MM DIS. IS ' /MAXDIS §
$
PARAML  PCDBDR//PRESENCE' ////8.N.JPLOT § 15 THMERE AN OUTPUT(PLOT}
$ FOR THIS SUPEBRELDMEWT ?
IP ( JPLOT »>e0 ) THEN $§ PHASE III DEFORMED AND CONTOUR PLOTTING
PLTSET  PCDBOR. BQEXING, BCTS /PLTXX, PLTPARX, GPEETSX, RLEETSX/
$.M,NSILS/8. N, JPLOT §
PRTRSC PLTXX// PORMEG &
IF ( JPLOT »>=0 ) THEN § CREATE PLOT PILE

rLot PLTPARK . GPSETSX. ELEETSX , CASRDA . BGPDTS, BORXIME  SIP
PUCY .PUGV ,GPECT, ORS1X/PLOTXI/NEILS /LUSRP/IPLOT/ -1/
8.N.PPILE

PRIMSG  PLOTXI/ /PDRMEG $

EMDIP § CAEATE PLOT PILB
INDIF § PHASE III DEPORMED AND CONTOUR PLOTTING
RETURN §
D § SEDRCVR






Appendix D SUBDMAP SUPER3

SUBDMAP SUPER3 CASERS, CASRUP, UL,.OL2,PPL,PS1, PRL,OLL1, UK.DLT,

CRX.CASERX1, QRG. PJR, OBPNLXX. OBSNLXX,

PCDB. XYCDB, POSTCDB, PORCR/MUGNT ,

UG, QG, CASEDR, XYCDBDR, PUG, BGPSP . OLBRS ,

OUGV1.0PG1,0QG1,08F1X, OES1X, OSTRL. OGS,

OUGV2,0PG2.0QG2, OBP2, OBS2. OSTR2,0G82.

ORS1M,0R51G, OSTRIM, O6TR1G, BGPSTR, ONRGYL, OGPPB1/

APP/APPL/RSONLY/CYCLIC/NLHEAT/ARRD/DROPT/PS /

PPILR/CARDNO/DESITRR/NONLNR /RMSTRAIN/BETA/LMODSS §

$

TYPS DB EPT.MPT,.GECM1, GROM2,GROMD , GROM4 , MAP, HAPS . BQEXINS.
PVTE, CASES, SLT. RTT. GOAT, GOAQ, LOO, KOO, LAC, POS, UOX, GPLE, USET,
BILS, AJ. BT, Y5, GM, PSS, KPS, KSE. QR, CMPHO , OMLAR . CHPHA, MAR. MEA,
DYNRAMICS, BGPDTS, CSTHS , KPTS, DIT, BET, GROM2S . CROMIE, BCTS .
BPTS. INDTA, KELM, KDICT.GPBCT, VELEN, PORE, SILX, RQEXINX, BCTX,
BGPDTX. QGR,GBOMA S, PG, ESTL, SPSERL, USETNL §

TYPR D3 CASEBK,CASEX,BSTN, GROMIBK, GBOMIX, OLBZ. PJ1.
ULS.ULB1 § SCRATCH

$ QUALIPBRS

TYPE PARM, RS, Y,RMEDISI, BETA §

TYPE PARM,NDDL . I, Y. HIGHQUAL, LMODES §

TYPE PARM,NDDL, I, N, SRID, MTEMP, LOAD, TEMPLD . DRPORM. NPC . SPC §

TYPR PASM, NDDL, I, N, PRID. METH. DYRD, MPLUID, NL99. NLOOF $

TYPR PARM, NDDL , CHARS, N, K2GG, M2GG, B2GG, PG . APRCH §

TYPR PARM, NDDL , LOGICAL, N, PECOUF §

$ LOCAL PARAMETERS

TYPE PARN. ,CHARS, N, APP. APP1, SUBDYAPe’SUPBR} ' .CNTL §

TYPS PARM, ,LOGICAL.N, RSONLY, CYCLIC, GPFDR, NLHEAT. ABRO, PS  NONLNR §

TYPE PARN. .1.N.NOSE, ENDDR. NOUPL. ENDPLOTs0, PPILE, CARDNO. NOQU . TSET §

TYPR PARN, .I,N,NOUSET, K NOASET.NOBSET.NOCSBT, NOGSBT. NOLSET. NOOS BT, NOQSET ¢

TYPE PARN, .I,N,NORSET, NOSSET,NOTEET.  NOVSET, NOA, NOSET. NORC , NOMSET §
TYPE PARM..I.N, REPECTRX.SCRSPBCX, NOCOMPX= -1, DRSITER, BXTRCV] §

§ USBR PARAMETERS
TYPR PARM, NDDL, I. Y, PLTMSG, PDRMSG  GROPNT, NOELOP . NOELOP ,S1AG $
TYPB PARM.NDDL.I.Y

TYPE PARM.NDDL. I.Y, NINTPTS, DOPT, IKES, RSPRCTRA. REPRINT, TABID ¢
TYPE PARM,NDDL, RS, Y.TABS.BIGRR1, BIGRR2. BICEBR, TINY §

TYPR PARM, NDDL,I.Y, SBSEP, SCRSPEC.EXTRCV §

$ USER PARAMBTERS APPLIED TO ALL SB

$ AND SAVED ON DATA BASE IN PHASEO

TYPB PARM, NDDL . CHARS, N, ALTRBD. HEATSTAT §

‘TYPS PARM, NDDL. I. N, PIXBDB, INRRL §

$ SAVED PAMAMETERS

TYPE PARN, NODL. LOGICAL,N, SKIPSE $

TYPE PARM,.NODL.I,N.NOUP § FPOR POSTREIG

$ DBC AND POST RELATED PARAMBTERS

TYPS PARM. ,I.N,ICYCLIC §

TYPR PARM,NDDL . I, N,CP,GEBOMU. LOADY, POSTU. DBCPATH § SCRATCH
TYPE PARM.NDOL, I, Y,DBCDIAC, POST §

TYPE PARN. NDDL, CHARS, Y, DBCCONV, DBCOVWRT §

TYPR PARM. ,CHARS N, DBCCONVX §

$

$§ SEMELRR FLAGS

$

TYPE PARM, . 1.Y,PNSTRAIN §
0 0000000000000 000000000000000 00000000000 040000000 0000000000000

OUTPUTZ COMTROLS

THE OUTPUT2 DMAP INSTRUCTIONS IN THIS ALTER HAVE BEEN ENTERED INTO
THE NSC/NASTRAN RF ALTER LIBRARY AS A COURTESY TO PDA/PATRAN AND
SDRC/I-DBAS USERS AND QUBSTIONE AS TO HOW IT INTERFPACES WITH THR
PATRAN OR I-DBAS PROGRAX SHOULD AR DIRECTED T0:

I-DEAS USERS CONTACT:

PATRAN USEBRE CONTACT:

PDA SNGINEERING
297% RBDMILL AVE.
COSTA KBSA, CA 92626

2000 BASTMAN DR.
MILPORD, OM 45150

PARAM, POST, -1, OUTPUTS THE APPROPIATE PILES FOR

THE POA/PATRAN NASPAT PROGRAX VBRSION 2.0.
PARAM, POST. -2, OUTPUTS THE APPROPIATE PILES POR

THE SOAC/I-DEAS DATA LOADER PROCRAM VERSION 3.0.

X N N R R W P

TYPR PARX, .CHARD. Y, 0QC= ‘YRS ,OUCs YRS, OBF» YRS  .O8Se 'YES ', ORR="YRS' §

TYPR PARN. .CHARS, Y. OCHPs'YBE*, OGPSs ‘YRS, ORESs ‘YRS ', OUMUs'YER* ¢
TYPR PARK, .CHARS, Y, OGPPs YRS ', OUGCORD=" * ,OGE(Me’ * §

TYPE PARX, . I.Y,OUNITIsll,OUNIT2s12,OMAXR §

TYPR PANM, .I.N,OTAPE2=0, OUNITA=-1 §

000t 000000000000000s0000400000000003000004000¢0000 000000000ttt
$ DESIGN OPTIMIZATION AND DYNAMIC SENSITIVITY

TYPR PARM. . I.N,DROPT §

$

$ ~emrmemnnen PERPORM PHASE 1II OPRRATIONS
$

BQUIVX  USET/UGBYX/-1 §

IP ( APP='NLST' ) RQUIVX  USETNL/USETX/-1 §
IP [ BXTACV>O § PUTSYS(1.109) §
$§ PFORCE BXEBCUTION $0 SDR1L IS NOT SKIPPED ON RBSTART IN THE EIVENT

$ THAT A NBW A.£. UG I§ BRING LOCATED AND NO OTHER CMAMGES ARE MADE.
USETX// 'USET' /// /5, N, NOUSET// ‘A’ /5., N. NOASET/ Q"' /5, N, NOGSET §

PARNML,
IP { NOT(APPs STATICE‘ AND NOQSETsNOASET AND NOUSET>-1) AND
PIXEDD>s0 ) TMEN § CHMECK POR R.§. SOLUTION VECTOR
PARAML  UL//'TRAILER'/1/8,N,NCUL//8.N,NOU. §
$§ USE UG POR EXTERNAL TIP SUPERELEMENTS WHICH DO NOT NERD UL
IP { NOULs-1 AMD BXTRCV<>D ) PARNM.  UG//
“TRAILER‘ /1/8.N,NCUL//8.N,NQUL §
IF ( NOUL<Q )} THREN §
NEBBEAGE //°' DMAP PATAL XNRSEAGE 9058 (SUPEMY) -/

* THRE SOLUTION POR THR REBSIDUAL STRUCTUME DOES NOT BXIST.  §

» CURVPLOT, CURY , NOCOMPS , NUNOUT1 . NUMOUT 2, NUMOUT, LSTKN §
TYPR PARM,NDDL, 1. Y, SRTOPT, SRTELTYP, NOMSGETR, §1,51M.$1G, OUTOPT, OC, 51AN §

D1

EXIT §
BNDIF §
ENDIF § CHECK POR R.§. SOLUTION VECTOR
$
PARNML  CASEUP// TRAILER’/1/5.N,ICASE1//S,N.NOCASEUP §
BQUIVX  CASBRS/CASEX/NOCASRUP §
IP { NOCASBUP>-1 ) THEW §

AFPEND  CASBUP, CASERS/CASEX/1 ¢

PARAML  CASERRS// TRAILER'/1/5.N.ICAER §
PARAML, CASERS//'TRAILER‘/3/S.N,MAXL §
PARAML,  CASBRS//'TRAILER‘/4/8.N,IPLT §
PARAML ~ CASBUP//'TRAILBR'/3/E,N,MAXLL §
PARAML ~ CASBUP//'TRAILER‘/4/8,N,IPLT1 §

ICASBaICASE«ICASEL §

MAXL=FAX (MAXL, MAXLL) $

IPLT=MAX(IPLT, IPLTL) §

MODTRL  CASEX//ICAEE/ICASE/MAXL/IPLT §
BNDIF § NOCASEUP»-1
$

DBVIEW  UGPsUG (WHERS SBID=* AND WILDCARDsTRUE) §

DBVIEW  PUGPsPUG (WHERE S8IDe*® AND WILDCARDaTRUE} $

DBVIEW  QCPQG (WHERE SEIDe* AND WILDCARDeTRUR) §

IF (| DROPT=S | CNTLe‘ALL’ §

SEPe CASBX, PCDB. BMAP, XYCDB, UGP . PUGP . QCT /

DRLIST/

APP/’SEID' /8,N.NODRALL/S N, SEID/S, N. NOUPL/CNTL §
NODRALL=-1 NO DATA RECOVERY RBQUERSTS
SBID w-1 TO INDICATR TO SEDR FIRST TIME INTO LOOP

IP SOLS 101-13% THEN DROPTsG {DEFAULT)

BUT IN SOLS 108, 111, OR 112 IF DYNSEN= 'YES' THEN DROPT=2

AND IN SOLS 101. 103, OR 105 IP SENSITYaN THEN DROPT»4
IP SOL 200 AND:

1. OPTIM="NO’ THEN DROPTal

2. OPTIN="YRS' THEN DROPTa2

3. (MASPRT>-1 AND 1<OPTEXIT AN OPTEXIT«6) OR

MOD (DESITERL+1 NASPKT)=0 THEN DROPTs}

MU BLEnBLenran

IP ( NODRALL<(} AND NOUPL<0 AND DROPT<sl ) RETURN $

H

§ SET POR ALL SUPEBRELEMENTS

SCRSPECXaLTOL (NOT(APPs ' RBIG‘ AND SCRSFEC>s0}) $

$ DBC CONTROL PARANETERS

DBCCONVXaDBCCONY §

ICYCLICSLTOI(CYCLIC) $

IP ( POET20 AND DROPT<»2 ) DEC.
CABEX. .. v vvnvenenna o JICASBCC f41111281700010102107
-1/DBCPATH/S N, CP/APPL/ ICYCLIC/GBOMU /LOADU/POSTY /
DBCDIAG/DBCCONY/ DBCOVWRT /DESITER §

IF { POSTu-2 AND {OGEOM» 'YES‘' OR OGBOMz' ') } GPl.
GBOM1 . GBOM2. /GPL, RBQEXIN,GPDT, CSTH, BGPDT . SIL. /0/0/0 §

$

NOSRsLTOI (REONLY) $

ENDDR = 0 §

DO WHILE (ENDOR »s 0) § SUPBRSLEMENT DATA RECOVERY LOOP

$

IF { NODRALLa-1 AND DROPT>1 |} THEN ¢
$ IP DROPT>1 IS RBQUESTED THEN
$ DO DATA RECOVERY POR R.5.. EVEN IF NO SUCH RBQUESTS BXIST
SRID=C §
PRIDe0 §
ENDDRs-1 § DATA RECOVERY FOR SEIDed ONLY
BQUIVX  CASEX/CASBDR/MLWAYS §
BQUIVX  UL/ULE/ALWAYS §
BLER 5§ NODRALLe-1 AND DROPT>1
SEDRDR  DRLIST//
$.N.BNDDR/S, N, SEID/5, N, FRID/S N, SEDWN/S . N. NODR/NOER §
IP { SRID<>0 ) THEN $ $BT QUALIFIERS
FSCOUPwPFALSE §
NLOOP=-1 §
ENDIF §
IP ( NODR>-1 ) THEN $

1? ( DROPT>0 | DELETE  /CASEDR. XYCDBDR.,./ §

CURRENT SUPERELEMENT SEID - A-S1ZR

T VTS, /PVTX/ § UPDATE XPVT -- PVTX PORCES BXEC ON RESTA
: INPUTS - UGD - FANILY OF DOWNSTREAK DISPLACEMENT VECTORS - G-SIIR
$ * UL - ARSIDUAL STRUCTURE DISPLACEMENT VICTOM - A-SIZR
: OUTFUT - ULE - UPSTREAN BOUNDARY DISPLACEMENT VECTOR OF
:

DEVIEW MAPSPs NAPS | WHERE SRIDe*
DWISW UGDs UG [ WHERE SEIDSEDWN AND WILDCARD=TRIR } §
DBVIESW  BQEXINED=BQEXING ( WHERE PRID=SBIMWM ) §
BXTRCVI=BXTRCV §
IF { SEDWN<»O ) EXTRCV1aO §
DWIBW DAPX«EMAP ( WHERE EXTRCVsEXTRCV1 ) §
SEDR DAPX, CASBX, PCDB . DRLIST, XYCD8, SLT, STT.
MAPSP . UGD. DOBXINSD/
ULE . CASEDR, PCDBOR, XYCDBDR /
APP/SRID/S, N, NOUP/S.N.NOGRTL/ /8, N, NOOUT/
8.N.NOPLOT /S . N. NOKYPLOT /' SRID’ /NCUL §
IP ( MOT(APPs STATICS® AND NOQSET=NOASET] AND
WOGOs-1 AND PIXEDS>=0 AND SBID<»0 ) THEM §

KESSAGR //° DMAP INFORMATION MESEAGE 9012 (SUPSR)) -°/
* THR DISPLACEMENTS IN DOWMETREAX SUPRRELENENT’ /
SEDWN/° DO NOT REXIST.' §

BXIT §

BNDIP § NOGOe-1 AND PIXEDB»>s0
IP ( SEID«0 |} BQUIVX  UL/ULS/ALWAYS §
BRDIP § NODR>-1
SNDIP § RLESR NODRMALL=-1 AND DROPT>1

AND WILDCARD=TRIE ) §



1F ( NODR»-1 AND
{ APP<> RRIG ‘ OR NOT(SBSEF=1l AND NOUPs-1} ) ) THEN 3
IF {HEATSTAT= YRS ') BQUIVX CASES/CASEDR/ALWAYS §

CALL SETQ CASIS//SIXD/“ZD/S.WP/SAK?GGIS.IQ(X}/S.BZ@/S.N‘.PCI
S,SPC/S,LOMIS,D"OMISHI'WLDIS.PZG/S,DYDDISJIm/
§,MFLUID §

IF { DROPT>0 ) THEN §
OELETE  /UG.QC.OLBZ../ §
DELET®  /PUG. BCPSP,OUGV1,OPG1,0QC1/ §
DELETE  /ORF1X.ORS1X,08TR1,OGS1,0UGV2/ ¢
DELETE  /OPG2.0QG2.0BF1. OBS2., OSTR2/ §
DELETE /0GS2,0B51N, OBS1G, OFSTRIN, OETRIG/ §
DELETE  /ECPSTR.ONKGY1,OGPPB1../ §

ENDIF §

BQUIVX ~ USET/USETX/-1 §
IF { APP«'NLST‘ AND SBIDs0 } BQUIVX  USETNL/USETX/-1 $
CALL PMLUSET USETX//§, NOASET/E, NOBERT/S. NOCSET/ S . NOGSET/ 5, NOLSRT/
8. NOOSET/8 . NOOSET/E, NORSET/ 5. NOSSET/S, NOTSRT/
5.NOVSET/8.NOA /S, NOSET/ &, NORC /S, NOKSET/
§.NOUSRT §
$
IF { MOUSETx=-1 |} THEM §
§ THIS CAN HAPPEN POR PARAK,PIXEDB.-1 AND R.5. USET HAS Nor
§ BEEN GENERATED IN SEXR OPERATION
PRTPARM  //4410/ 'DMAP'//SUBDMAP $
BLSE § NOUSETs-1
IF ( SBID<»0 ) NL99¢0 § RESET QUALIPIER IP NOT R.S5.
$ FOR PROPBR MPTS IN NONLINEAR TRANSIENT
$
PARAML  CASEDR//'DTI'/-1/35//%.N,SPCPOR §
$ IP SPCPORCES ARE RBQUESTED THEN SPCPORe-1. OTHERWISE 0
PARAML.  CASEDR//‘DTT‘/-1/167//8,N.CPPOR ¢
§ IP GPPORCES ANE REQUESTED THEN GPPORs-1, OTMERWISE
HOQG»LTOI (NOT{OAL (§PCPOR, GPPOR) OR {DROPT»1 AND DROPT«>4)}} §

PARAL.  CASEDR//°DTY'/-1/170//5.N.8S% §
$ IF BSE ARE RBQUESTBD THEN RSBs-1. OTHERWISE ¢
GFPDR= {ORL {GPPOR.BSE}} §
$
IF | APP='CYC’ AND APP1a'STATICS * } THEN $
CYCLIC1 CASBDR, GROMIS.GEOM4S. DIT, /
DB1.GEOMIBK, DB3. DBL . DSBS . CAGEBK ., BACK/
PYM)/PM2/ " STATICS ' /PN /PMS /PME §
EQUIVX  CASEBK/CASEDR/ALWAYS §
BQUIVX  GBOMIBK/GEOMIX/ALWAYS %
MPYAD PORE, BACK, /PB §
BLSE IF | CYCLIC AND (APP« 'RRIG* OR APPs’PREQRESP*} | THEN ¢
BQUIVX  CASEBKL/CASEDR/ALWAYS $
BLER § APP»'CYC' AND APPls STATICE
BQUIVX  GBOMIS/GEOMOX/ALWAYS S
ENDIP § APPa'CYC' AND APPls 'STATICS -
$

IP { APPs’'NLST' AND SRID«0 ) THEN §
$ CORRBCTION POR OLOAD OUTPUT - CRX 15 ACTUALLY COMB IN NLSTATIC

ADO PC.RI/DPI/ /-1, §

MPYAD  DRJ,CRX./DPJX §

ADD PJR,DPIX/PJIL//-1. §

BQUIVK OL2/0LB2/ALWAYS §
BLSE §

CALL SEDISP GOAT.GOMQ. LOO. KOO, LAQ, POE. UOK, GPLS , USETX, SILS,
PJ.CASEDR. UL8, BDT. YS, QM. PSS. KPS. KS$. QR. CMPHO, OL 2
CMLAMA. CHPHA , PP1, PE1, KAR, MEA, XYCDBDR. CRX,
BACK, FB.QRG/
UG, QG.OLB2,ULS1, N/
FIXEDB/NOQSET/NOTSET/ IRES /APP/APPL /NOOSET /SBID/
NOOUT /CARDNO /PPILE/ INREL /AL TKED/ NORE BT /NOQG /
NLHEAT/DROPT/NONLNR $
EDIF §
IF ( SBIDe0 ) BQUIVR  OLB2/OLBRS/ALWAYS §
IP { POSTs0 AND (APPs’RSIG’' OR APPs‘CRIGEN'| AND
DROPT«<>2 } DIC.
L Y 12
LAWK LIEIIEIIIIILIEIEE Y
-1/DBCPATH/S . N, CP/APP1/ICYCLIC /GEOMU /LOADU/ POSTU/
DBRCDING /DPCCONV/ DBCOVWRT /DESITER §

$
IP { (NODRALL=-1 AND DAOPTed) OR DROPT=J } THEN $
$ IP SENSITY=N 18 REQUESTED IN SOLS 101, 103, AND 10§
$ AND NO DR REQUESTED THEN ASTURN
$ IF PARAX.DYNSEN. YRS IN SOLS 108, 111, AMD 112 THEN RETURN
RETURN §
BLSB IF { DROPTaS ) THEN §
$ SUPBRBLEMENT SENSITIVITY - IGNORE DATA RRCOVERY REQUESTS
NOOUTs-1 §
BNDIP §
14

IF | RSOMLY ) BQUIVX  PCDB/PCDBDR/ALWAYS §
§ THIS IS NEEDED IP R.5.-ONLY MODEL AMD NO SEPLOT OR
$ SEUPPLOT CARDE ARE PRNSENT
$

IF ( APP+ STATICE ‘' AND NLHEAT ) THEM §

D2

TSRT=GETSYS {TSET,10) ¢

HATHMOD  GBOMIS, GPLS, UG. . , /GBOMBSN, /18 /TSBT $
GPY GEOMISN, BQEXINS, GBOM25/SLTN, ETTN/123/133/12) $
TAL . . ECTS, RPTS, BGPDTE , SILS, ETTN, CSTNS, /

BSTN, ,GBIN, GPSCTN, /
LUSBT/123/123/1/123/12) §
BLEB IF { NONLNR AND SEID=O ) TMEN §
BQUIVX  RETL/BSTN/ALWAYS ¢
BLSE § APPa'STATICS ' AND NLHBAT
EQUIVX  BST/ESTN/ALWAYS §
BENDIP § BLER APP='STATICS ' AND NLHEAT

IF { APP= STATICS' OR APPe’'REIG' OR APPa'NLSET* OR
(APPe 'CYC’ AND APPls’STATICS') ) NOCOMPXxNOCOMPS 1

$
REPEBCTRA=LTCI {NOT (APPw‘ TRANRESP' AND
RSPECTRA>a0 AND NOT{NONLNR)) )} §
$
$ WRITS END-OP-DATA IF CURRENT OUNITZ IS DIFFERENT PROM
$ PREVIOUS OUNITZ (OUNITX) AND THIS IS NOT THR
$ PIRST TDME THROUGH THE DATA RECOVERY LOOP.

IF { POST<Q AND OUNITX<>OUNIT2 AND
OUNITX<>-1 | OUTPUTZ //-9/CUNITX//OMAXR $
$ PUT LABEL ON CURRENT UNIT ONLY IP POETa-1
IF ( POSTx-1 AND OUNITXK<>OUNITZ } OTAPB2s-1 $

IF | POSTs-2 AND (OGEOM='YBS' OR OGEOMa’
$ IF GBOMETRY DATA BLOCKS ARE REQUESTSD THMEN
$ OUNIT2 ARE THE SAMR UNIT.

OUNIT1aOUNIT2 §

oUTPUT2 CSTM. GPL. GPDT, PT. NPT/ /0/OUNIT1/ /OMAXR $

OQUTPUTZ CBOMZ.GROMI, GEOMS , + //0/OUNITL/ /OMAXR $
UNDIF § POSTa-2 AND (OGEOM= YBS' OR OCBOMa* ‘t

‘) ) THEN §
OUNIT1 AND

IP { POET=-1 AND OUGCORDe'
IF { NOOUT>-1 ) THEN §
CALL SEDRCVR,

UG. QG. BGPDTE . EQEXING, CSTME, CASEDR, MPTS, DIT.
m‘ouz.P.u.lm,xmblm.cms.cmx,mm.
BCTS, GPLE, BPTS, SILS ., INDTA. KELN, KDICT.GPECT, VEBLEN,
PORCE. XYCDB. PG, PCDBDR, USEBTX, SLT. UH,0L1 , PPL.DLT,
PRL, SPSEL , DYNAMICS , CRX, 0GB, OBFNLXX . OBSNLXX/
HMUGNI, PUG, ouavt..omx.oqz:x.o:nx.onxx,oml.msx.
OUGVZ, 0PG2,.0QG2. OBF2, OBS2, OSTR2,O0GS3,
OBS1M,0B51G. OSTRLN. OSTRIG, BGPSTR, KGPSP,
ONRGY 1, OCPPRL/
GRDMIAPP/APPUMCWX/CUIW‘PLU!IS,PPXLIIW!/
Nunam/amuu/nxcnu/Nﬂcou‘r/ucaa/smvrn.m/
SR'!'ILT'YP/CU!IVIOtﬂOP'!‘/&:/NlN‘MS/SD(/SlOISL\KI
SIAGImP‘l"/TINY/NOILOP/NOILOPITMSIS!ID/H.IS,Cm/
PDRKSG/SC'SPICX/I.SP!CTRXIRSPIIN!’ITMIDIm”LICP!Dl/
NLHBAT/ABRO/ ICYCLIC/PE/GEOMU/LOADU /POSTU/
DECDIAG/DBCCONVI/POST /S , CP/ DBCOVWRT/
§.OUNIT2/S.OTAPEZ/00G/OUG/ORY /ORE/ORE/
DCNP/(EPS/OISIIOIMUIOGPP/WORDID!Sml/NISTMINI
BETA/LMODEE $

| OUGCORDs= ‘GLOBAL® §

OUNITXsOUNITZ § SAVE UNIT NUMBER FOR COMPAKISON ABOVE
ENDIP § NOOUT>-1
BNDIF § ELSE NOUSETs-1
BNDIF ¢ NODR>-1 AND { APP«>'REIG ‘ OR NOT (SESBPx1 AND NOUPs-1)
ENDDO § SUPERELEMENT DATA RECOVERY LOOP
$ WAITE EMD-OF-DATA ON PORTHAN UNIT OUNITZ
IF | POST<O | OUTPUTZ //-9/0UNIT2//OMAXR 3
$
SBID=-1 § INITIALIZB
00 WHMILE ( NOUPL>-1 AND ENDPLOT<»-1 ) H
$

$ PHASE IV - UPSTREAM DEPORMED PLOTS
$

PLVCDKR BMAP. DRLIST/ /S, N, BNDPLOT/S. N, SEID/S, N, PEID $
IP ( ENDPLOT<>-1 ) THEN &
DBVIBW SILSP » SILS (WHSRE PRIDw*} §
DBVIEW GPLSP = GPLS {WHERZ PRIDm*) §
$ COLLECT UPSTREAM DISPLACEMRNT PLOT VECTORS
PLTVEC mlmlﬂ.KN.IQIXDIX.S!L!.SXUF,GPLS'.HBP/
PUGX, PCDBX/SBID/ ‘SBID” §
PARAML  PCDBX//‘PRESENCE " ////8,N, JPLOT $
IF ( JPLOT>a0 ) TMEN §
PLTSET  PCDBX. BORKINX. BCTX/PLTXY, PLTPARY ,GPSETSY, RLTSETSY/
$.N.NBILE/S,N.JPLOT §
PRTMEG  PLTXY//PDRMEG ¢
IF ( JPLOT>e0 ) THEN §

PLOT PLTPARY, GPSETSY, BLTSETSY, CASEX, BGPDTX. BORXINX,
SILX, PUGK. PUGK, , /
PLOPY2/NSILS /0 /JPLOT/-1/5.N. PPILE &

PRTHMSG  PLOTY2//PDRMSG §

ENDIF § JPLOT>w(
ENDIP § JPLOT>»0
ENDIF § BNDPLOT<>-1
ENDDO § PHASE IV - UPSTREAM DEPORMED PLOTS
$
RETURN ¢
END § SUPER)
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under combined loads. The thermo-acoustic response of a hexagonal therma! protection system panel is used
to highlight some of the features of the program.
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